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S I R, 
OUR MajesTyY's approbation of my 

former endeavours for improvement 
in the art which I profeſs, induced me to 
compoſe theſe Eſſays; and as Your bounty 
has afforded me the leiſure to purſue my 
reſearches, nothing could give me greater 
happineſs, than the permiſſion of thus 
laying them at Your MajtsTY's feet. 


IT 1s almoſt the peculiar glory of Your 
MajesTY's reign, that the peace which 


A 2 the 


DE DIC ATI ON. 


the ſucceſs of Your MaJjEsTY's arms pre- 
ſcribed to Europe, and the wiſdom of 
Your councils planned for Your people, 1s 
adorned by Your MajEsTY's MUNIFI- 
CENT PATRONAGE of all the Arts, uſeful 
as well as ornamental. The ſubject of the 
following pages partakes of both : and 
their author humbly hopes that they tend 
to public utility; the only return which 
Your MAJESTY requires, and the only re- 
| tribution he can make for Your Royal 
bounty. 


HE begs leave to aſſure Your MaJjgsTY, 
that he ſhall ever be impreſſed with the 
deepeſt ſenſe of Your MaJjEsTY's exalted 
virtues, as well as with the deepeſt grati- 
tude for the favours Your MaJjEsTY has 
been moſt graciouſly pleaſed to extend to 
him, and that they ſhall be employed in his 
hourly endeavours to deſerve them. 


Wirth 


D E DIC ATI ON. 


Wirz the moſt profound veneration, 
he preſumes to ſubſcribe himſelf, 


May it pleaſe Your MaEsT x, 


Your MajesTY's Moſt Faithful, 


Dutiful, and Devoted 


Subject and Servant, 


LONDON, 
Feb, 26th, 1766. 


ALEXANDER CUMMING. 


e 


R E A D E R. 


H E very favourable opinion which the Author of the 
following Eflays entertains, and (notwithſtanding all 
malicious reports to the contrary) always has entertained, of 
the great natural abilities of Mr. Joun HARR1soN, induced 
him to delay this publication, till Mr. HARRISON had received 
the reward of his long and unwearied application, by diſcovering 
the reſult of his labours. That diſcovery being now made, the 
public from thence will judge of the merits of his improvements ; 
and poſſibly from a compariſon between them and the following 
Theory, the Reader may be enabled to decide, how far the ca- 
lumny, ſo groundleſsly conceived, and ſo artfully propagated 
againſt me, was well founded. Should any further vindication be 
neceſſary, I am ready, if called on by my accuſers, publicly 
to declare the reaſons for ſuch part of my former conduct, 
as has ſo much diſpleaſed them, and obviate any objections to 
the following performance, if fairly and candidly urged : but no 
regard will be paid to any anonymous opponent, in a contro- 
verſy that has truth alone for its object. 
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TOWARDS THE 


Improvement of CLOCK-WORK. 


.. 


GENERAL PLAN. 


1. T T is univerſally allowed, that the mof? 
ordinary Clock with a royal Pendu- 
lum, meaſures Time better than any Watch, 
conflrued in the manner hitherto praiſed. And, 
2. That Watches are, in general, as well ex- 
ecuted as Clocks, From which it is evident, 

3. That Clocks derive their ſuperiority from 
principle : and that a due attention to their na- 
tural properties, may at leaſt, be the means of 
7proving Watch-work. 


B 4, The 


Clocks go better 
than Watches. 


Watches as well 


executed as 
Clocks. 


Clocks derive their 
ſuperiority fiom 
principle, 
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1 IMPROVEMENT OP 


Clockwork, inco 4. The Theory of Clock-work naturally di- 
gen 4” vides itſelf into the two following general 
Heads, viz. 


Firſt, s. What pendulous Vibrations have their 1/o- 
chroniſm leaſt influenced by equal cauſes ? And, 
Second. 6. What conſtruction of a Clock will leaſt alter 


the IJſochroniſim of the ſame Pendulum & 

7. All Clocks may be reduced to two Claſſes ; 
namely, oRDINARY and ACCURATE. 

In ordinaryClocks 8. In oRDINary Clocks, ſuch as are generally 

particular regard uſed for domeſtic purpoſes, particular regard 

to expence and ö , r 6 

ſimplicity. ſhould be had to their ſimplicity and expence. 

Ia the more 2ccu- 9. In Clocks that are intended for aſtrono- 

rate, no exp?nce mical and other very accurate Obſervations, no 

ſhould be ſpared. s 
expences ſhould be ſpared, while the perform- 
ance can be further improved. I hall therefore 

| enquire, 

Firt enquiry. 10. In the firſt place, How far the per form- 
ance of Ciocks may be improved, without much in- 
creaſing their expence. 

Second. 11. And in the ſecond, What is the utmoſt 
degree of perfection, of which they ſeem ſuſ- 
ceptible. 

td 12. Since a Pendulum is the only part of a 

has a natural ten- Clock that has a natural tendency to meaſure 

dency to meaſure 


the Time. Time, I ſhall here mention its known proper- 


ties in its /mple fate, detached from Clocks, 
and deſcribing circular Arc's. 


CLASSES, 


[ts natural Proper- 13. Firſt, I Pendulum once put in motion, 
ties in a detached . . , . 
= would ever continue to vibrate equal Arc's, if no 


external cauſe did tend to deſtroy its mation. And, 
2 14. Se- 


CLOCK-W OR K. 
14, Second, All thoſe equal Vibratioms would 


be performed in equal times, 
1 5. Third, The momentum of Pendulums is 


3 


Of pxxNDULOUS 
VIBRATIONS. 


4 


as the verſed fine of their angle of Vibration into 


their quantity of matter. 
16. Fourth, Pendulums of equal length, 
though unequal weight, will (cæteris paribus) 


Fer form their V ibrations in equal times. 


17. Fifth, All Pendulums alter their time of 
Vibration in different latitudes. And their 
times of aſcent and deſcent are equally influenced. 

18. Sixth, A Pendulum cannot reſt but when 
its centre of gravity is directiy below its point of 


ſuſpenſion. 


19. Seventh, The ſhorter Vibrations in cir- 
cular Arc's are performed in leſs time than the 
longer. 

20. The foregoing properties are chief 
demonſtrated by Mr. HucENs in his Hororo- 
GIUM OsciLLaToRIUM, and tranſlated into Eng- 
liſh in Knir's Introduction to Natural Philo- 
ſophy, and a ſtrict attention to them ſeems 
abſolutely neceſſary to the improvement of 
Clock-work. 

21, If a pendulous body be made to vibrate 
in a reſiſting medium, (as air,) each Vibration 


Fr n 
— 


* Mr. Hvorxs has demonſtrated, that 29 ſemicircular Vi- 
brations take as much time as 34 of the ſhorteſt Vibrations 
of the ſame Pendulum, independent of the influence of the 


Air, 
B 2 will, 


Y Demonſtrated 


chiefly by Mr. : 
Hugens. 


Motion loſt. 
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Of PENDULOUS 


IBRATIONS. 


How they may be 
rendered iſochro— 
nal. 


Enquiry. 


Whether long or 
ſHHrt ones are moſt 
influenced. 


Prine. Math. Prop. 
28, Coroll. 2. 


IMPROVEMENT OF 


will, by means of ſuch reſiſtance, become 
ſhorter than the preceding one, till at laſt the 
Pendulum comes to reſt; hence (19) thoſe Vi- 
brations will not be perſormed in equal times. 

22. But if the reſiſtances of the medium, 
&c. were uniformly the ſame, and a power could 
be applied that would communicate to the Pen- 
dulum at each Vibration as much motion as 
thoſe reſiſtances deſtroy ; then would all the Vi- 
brations be of equal length, and performed in 
equal times. 

23. But as neither the reſiſtances that tend 
to deſtroy the motion, or the power that main- 
tains the Vibrations of Clock Pendulums, are 
perfectly uniform; I proceed to enquire 

24. Whether long or ſhort Vibrations have 


their Iſochroniſm leaſt influenced by thoſe irre- 


gularities. 


25. Sir Isaac NewToN has demonſtrated ; 
« That a Funipendulous Body“ vibrating in a 
cc reſiſting medium, would have its ſhort Vi- 
© brations more iſochronal than its longer; 
That is, in otber words ; that the longer Vibra- 
tions being more reſiſted than the ſhorter ones, 
do ſooner alter their lengths, and conſequently 
(19) their times of Vibrations. But 

26. Let a power be any how applied that 
will communicate as much motion to the Pen- 
dulum as the reſiſtances of the medium, &c. 


do 
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do deſtroy ; then will the Vibrations continue o PEXDULOUS 


IBRATIONS, 


equal and iſochronal. AN a al 


27. Thus, we are not to conſider he total re- Total reſiſtance 
of the Air not tobe 


ſefances of - the air, friction, &c. ſince a power regarded. 
can be caſily applied that will ballance them, fo 
long as they continue uniform. And this power, 


from whatever cauſe; J call the MainNTAiNING 


POWER, 
28. But we are to enquire, what influence ary 


Change, in the reſiſtance, or in the maintaining 
ower, would have on Pendulums of equal 
weight, but deſcribing unequal Arc's. 

29. Let any power be applied to the pendu- P LATE I. 
lous body B, capable of moving it from its place ET 
of reſt, to M or G; join M G, and draw ON 
parallel to the line M G, and let MO, the Carat 24. 

er pendicular height to which it is raiſed, be vantage of long 
divided into any number of equal parts, ſuppoſe 8 
five; through the extremity of each part, draw 
a ſtraight line parallel to M G, till they meet 
the Arc in the points L, K, I, H, and if the 
power that raiſes the body B to M, be alſo di- 
vided into five equal parts, one of thoſe parts 
will raiſe B to H; two parts will raiſe it to I; 
three parts will move it to K; four parts 
to L, &. 
30. Here it is to be obſerved, that though Equal powers give 


unequal ſpaces, 


the power be applied by equal portions, the put = 
ſpaces deſcribed are unequal ; but agree 7/2 per- height, 

fendicular height with the power applied. | 
31. Let 


6 IMPROVEMENT OF 
Of rexDULOUS 31. Let the Arc BG, be divided into five 


rar oe IP equal parts by the points C, D, E and F, 

PLATE . through which points draw Rraight lines parallel 

to M G, till they meet AB and G N; then will 

r line G N repreſent the power neceſſary to 

* raiſe the body B, to the point G; and its paris; 
the powers neceſſary to raiſe it, to heir corre- 
ſponding points in the Arc“ 

Increaſe in height” 33. Now lince the increaſe of perpendicular 

decreaſe as the re- height is as the increaſe of power applied (30), 

8828 it follows that the decreaſe in perpendicular 

height, will be as the increaſe of reſiſtance; or 

as the diminution of power: Therefore, 

33. Let there be any number of Clocks, ſap- 
poſe frve, whoſe Pendulums are exa&ly equal, 
but whoſe angles of Vibration are to each other, 
as 1, 2, 3, 4 and 5; or let the bodies C, D, E, 
F and G, repreſent their relative Pendulums at 
the extremity of their Vibrations. 

e 34. If thoſe five Clocks be expoſed to the 
ſame degree of cold, their oil will be equally 
influenced, and by that means, their maintaining 
fowers equally diminiſhed ; And conſequently, 
there will happen an equal diminution in the 


Lluftrations 


F 


* It is evident, G N is divided into a ſcale of verſed ſines; 
therefore if gravity alone oppoſed the aſcent of the Pendu- 
lum, the powers neceſſary to raiſe it to any of the poſitions, 
C, D, E, F, G, would be as the relative verſed Sine of thoſe 
Arc'sz as would alſo the momentum of the Pendulum in deſ- 
cending from any of thoſe points. 


perpen- 


CL OCK-WORK 


perpendicular height of the Vibrations of each 
Pendulum (32). | 

35. Let thoſe Clocks continue expoſed to the 
cold, till ſome one of them is deprived of all its 
motion; it is required, Which Pendulum will 
firſt come to reſt ? and in what degree the others 
are influenced ? | 

36. Since all the Pendulums are equal (33), 
it is obvious that the one which deſcribed the 
ſhorteſt Arc, will ſooneſt come to reſt (1 5). 

37. But the Pendulum C has (36) loſt all its 
motion, and conſequently its perpendicular aſ- 
cent: Therefore, (32, 34z,) deduce from the 
height of the other Pendulums D, E, F and G, 
each, a ſpace equal to the greateſt height of 
C; as repreſented on the ſcale G N; through 
thoſe points, draw lines parallel to G M till they 
meet the Arc B G, on which, they will ſhow the 
diminution in the length of Vibration in each 
Pendulum; as repreſented in the figure, by 
dotted lines. Or 

38. Deduce the verſed fine of the angle de- 
ſcribed by the Pendulum C, from each of the 
verſed fines of the angles deſcribed by the Pen- 
dulums D, E, F, and G, at beginning of all 
their Vibrations ; and the remainders will be the 


7 


Of PENDULOUS 
VIBRATIONS. 


Cn ä —-—-—3 


Shorteſt Vibration 
ſooneſt comes to 
reit, 


verſed Sines of each reſpective Vibration, when 


the Pendulum C has loſt all its motion. 
39. From which it plainly appears, That in 
Clock Pendulums, equal cauſes do moſt alter the 


lengths of the ſhorteſt Vibrations. 40. It 
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Of pExDULoOUs 
ViBRATIONS. 


—̃ — 
EI. 


16. . 


Comparative ad- 
vantages in dupli- 
tate proportion of 
the Arc's, 


PLATES 
FI. 2. 
Another illuſtra- 


tion. 


( on? Ction of 
the FI g. 


Demonſtration. 


IMPROVEMENT OF 


40. It is further to be obſerved, that although 
the ſame cauſes did ſhorten the Arcs of Vibra- 
tion of all thoſe Pendulums equally, the effect it 
would have on their times, would be, as the 
change produced in each Vibration, to he 
whole length of Vibration (14). 

41. But equal cauſes produce leſs alteration 
in the length of long Vibrations, than it does 
in ſhort ones (39). Therefore (40), the compa- 
rative advantages of different Vibrations in Clock 
Pendulums are (cet. par.) in the duplicate pro- 
Fortion of their relative length Which may 
otherwiſe be illuſtrated ; thus, 

42, Let any body E, vibrate in the circular 
Arc ACE, I ſay that the advantages of its 
longer Vibrations are to that of its ſhorter ones, 
in the duplicate proportion of the length of 
thoſe Arc's. | 

43. For, join A E, and from C, the loweſt 
point of the Arc, draw a line perpendicular to 
AE; which perpendicular divide into four 
equal parts, and through their extremities draw 
ſtraight lines parallel to A E, till they are ter- 
minated by the Arc; join E C, and parallel to 
it, draw a line touching the Arc in D; then 
E D will be equal to D C, and conſequently 
E C will be double of DC. Mew 

44. Let two equal bodies E and D deſcribe 
the Arc's EC, and DC; it 1s evident (32), 
that four times as much reſiſtance will be re- 


quired 
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| quired to bring E to reſt, as will deſtroy the Of ren purous 


ViBRATIONS. 


motion of D; in the ſame manner is proved, & 
that four times as much reſiſtance is neceſſary 


to deſtroy the motion from D to C, as from 


h to C. | 
45. What is above ſaid of whole Arc's, is Equally true of 


. . ; the proportional 
ually true of their proportional parts; for, wand gg" 4 


if the whole reſiſtance, neceſſary to deſtroy the 
motion of any body, deſcribing a circular Arc, 
be divided into ſixteen equal parts, it will re- 
quire twelve of thoſe parts to reduce the Vibra- 
tion to half the length; three more parts will 
reduce it to a fourth of the whole length ; and 
if the remaining Sixteenth of the momentum be 
again divided as above, the ſame proportion will 
hold, till the Arc entirely vaniſhes. 

46. Therefore (by the 12th Prop. Book Fifth The reſiſtances 
Euc.) the reſiſtance neceſſary to produce pro- 5 
portional effects in the Iſochroniſm of Vibrations {3% areas thoſe 
of differ ent lengths (41), will be to each other whole os. 
cp, as the reſiſtance that deſtroys their whole 
motion, i. e. (32) as their relative verſed fanes : 

And therefore, | 

47. In Clocks, the advantages of long Vibra- Concluſion in fn. 
tions, are univerſally in the duplicate ratio of the bras. 
Arc's deſcribed. 5 

48. But leſt it ſhould be objected, that the 
power neceſſary to maintain Vibrations of dif- 
ferent lengths, will be in the duplicate ratio of 
their reſpective Arc's; and that the friction on 

C "I 
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Of pENDVULOUS 
VIBRATIONS. 
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Further conſ{idera- 
tion. 


IMPROVEMENT OF 


the movement will increaſe as the power; and 
conſequently, that the power neceſſary to main- 
tain the motion in Clocks, will bear a greater 
proportion to the momentum of the Pendulum, 
in long Vibrations than in ſhort ones; it is ne- 
ceſſary to cbſerve; that, 

49. Though the whole friction increaſes as 


the weight, or power applied to a Clock, it does 


not follow, that the changes, or accidental 
variations in it obſerve the ſame law (27). 

o. The naturaltridtion * continues uniformly 
the ſame while the prefſure on the rubbing ſur- 
faces is uniform; and if any certain quantity of 


the maintaining power be conſtantly deſtroyed 


by friction, it can no way affect the Iſochroniſm 


bob the Pendulum for what could be more ab- 
ſurd than allowing for the influence of any 


What has been 
ſuid of reſiſtance 
is applicable to 
the maintaining 
power. 


power, where it never reaches. 

5x, Since any increaſe in the maintaining 
power, will have the ſame effect on the-Pendu- 
lum as a diminution in the reſiſtance of the Air; 
and vice ver/a (32) ; It follows that, 

52. What has been ſaid concerning the re- 
ſiſtance of the medium, &c. is equally applica- 
ble to the changes of the maintaining power 


(32, 41, 47). 


— — 


* I do not here mean to aſſert, that there are not exceptions 
to what is ſaid of the uniformity of natural friction; but as ſuch 
exceptions do not invalidate what is here ſaid, they are reſerved 
for another place, 


2 33. 1 


CL OC'E-W,O AK 


£3. I formerly obſerved, (27, 28,) that the 
changes only that happen in the reſiſtance of the 
medium, &c. to Clock Pendulums, are to be re- 


garded; the ſame is true concerning the action 


of the Wheels on the Pendulum (50). 

4. As to the irregularity of action in Wheel- 
work; their fluctuations are conſtant and pe- 
riodical, and in the action of each Tooth, cor- 
rect themſelves ; ſo that, if the effect does not 
become perceptible during the action of any 
one Tooth of a Wheel, it will not, in any num- 
ber of revolutions; for the error does not ac- 
cumulate. | 
55, The changes that happen in the main- 
taining power from the different ſtates of flui- 
dity in the oil, are of a contrary nature; for 
the times of their duration, and returns, and 


conſequently the errors arifing therefrom, are 
uncertain, as depending upon external cauſes 


and they accumulate, as ſhall be ſhewn here- 
after. 


As to the Time of going without winding. 


56. Ir is only to be regarded fo far as it tends 
to render the machine more or leſs complicated ; 
for, in Clocks, we have power at command, and 
may have any degree of influence at pleaſure on 

2 the 
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Of yExpULoOuys 
VIBRATIONS. | 
——— — 
Changes only in 
the maintaining 

power to be re- 


garded. 


Action of the 
Wheels. 


Fluidity of the oil, 
&c. 


Does not matter 
ſo much in Clocks 
as in Watches. 


12 


Tai OF GOING, 


— — ents 


Theory. 


Friction greateſt 
in thoſe Clocks 
that go longeſt. 


Net hurttul! to the 
performance if it 
1emains uniſorm. 


IMPROVEMENT OP 


the pallets, without regard to the continuation of 


the Clock's going : Thus, 

57. In theory, if a weight of two pounds 
be neceſſary to maintain a Vibration of any 
given length, /uppoſe one degree, for eight days; 
a weight of eight pounds will maintain the ſame 
tor thirty-two days (one month) ; and a weight 
of one hundred and four pounds will maintain 
it for a year; ſuppoſing the perpendicular de- 
tcent of the weight the ſame in each caſe. 

58. Now let us enquire which of thoſe three 
caſes is moſt advantageous for practice. 

59. By ſuppoſition (57) the influence, or 
action of the Wheels on the pallets, is equal in 
each caſe ; the Vibrations are equal (57) alſo; 
therefore the friction on the pallets, as alſo on 
all the correſpondent parts of each Clock, will 
be equal ; but the month Clock has one Wheel, 
and the year Clock two Wheels, more than the 
week Clock ; and each Wheel has its friction ; 
conſequently the friction is greater in the 
month Clock than in the weekly one, and ſtill 
greater in the annual Clock than either : But 

60. If the friction remains uniform, an ad- 
ditional power may be applied that will render 
the action on the pallets equal in each Clock ; 
in which caſe, the Pendulums (ceteris paribus) 
would vibrate in equal times ; nor would their 
Iſochroniſm be any how influenced by the above 
uniform difference in friction (50). 
| 61. But 
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61. But the influences of heat and cold on Liu or gong. 
the oil applied, will tend to vary the action of on 
the Wheels on the pallets, and conſequently the Gil. 
length of Vibration (52) and Iſochroniſm of the 
Pendulum (19). 

62. And, as this influence may reaſonably be Mott hurtful in 
ſuppoſed equal, on the correſponding parts of 
thoſe Clocks; the additional Wheels muſt have 
their additional influence; and the Iſochroniſm of 
the Pendulum is more diſturbed in an annual, 
than a monthly Clock ; and in it, than a week- 


ly one (55). 

63. It may poſſibly be ſaid, that for the {bs 24 hour 
ſame reaſon, a 24 hour Clock ſhould go better ut. 
than an eight-day one; but the inconvenien- | 
cies attending the uſe of the former might more 
than ballance its advantages. 

64. If any ſhould fay, that Clocks in general Cocks fand in 
either ſtand, or have a retrograde motion in up. TS. 
time of winding, and that this error is leaſt in 
Clocks of long continuation ; I anſwer, that 
every good mechanic knows how to remedy this 
imperfection : But this I paſs, as foreign to my 
purpoſe. 

65. From the above conſiderations it appears, Fight: day Clocks 
that for an accurate meaſure of time, eight-day © 


Clocks are preferable to thoſe of @ longer conti- 


nudtion. 


go longeſt. 


Weigbi 


thoſe Clocks that 


14 


Velocity as th: 


motive force. 


Times inverſely. 


In detached Pen- 
dulums, gravity 
only the motive 
force. 

All Pendulums 
of equal length, 
i:ochronal, &c. 


Not ſo in Clocks. 


A'recation in the 
action of the 
Wacels, deitroys 
the Iſochroniſm. 


Proportion of ſuch 


alteratlon in time. 


IMPROVEMENT OP 


Weight of the Pendulum. 


66. Since the velocity generated is c þ as the 
motive force impreſſed: it follows, ; 

67. That the times of Vibration of a Pen- 
dulum will always be inverſely as the motive 
1 ; 

68. In Pendulums detached from Clocks, the 
action of gravity only, is the motive force: Hence, 

69. The Vibrations of all Pendulums of 
equal length, and deſcribing equal Arc's, are iſo- 
chronal in the ſame latitude +. 
70. But when a Pendulum is applied to a 
Clock, the Impetus of the Wheels, together 


with he action of gravity, conſtitute the mo- 


tive force. 

71. Hence, any alteration in the action of the 
Wheels on the Pendulum, will alter the time of 
Vibration (67), 

72. And the alteration that will happen in the 
times of Vibration of a Clock, will always be 
to the whole time of its Vibrations, nearly as the 


Y —Y 


Ü— — 4 — .A__4 * 
4 


* The Vibrations are here ſuppoſed of the ſame length; or 


that all the parts that conſtitute the motive force, do act during. 


the whole time thereof. 


+ For the action of gravity, and the Vis Inertiz will bear 


the ſame proportion to each other, whatever be the quantity of 
matter. 
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CL e on. is 
alteration in the motive force, to the whole * 
motive force (66, 70). | 

. Thus, it is obvious, that ( cet. par. J the Heavy Pendulums 
heavier the Pendulum, the leſs proportion will lt influenced. 
any alteration that may happen in the action of 
the wheels bear to its whole motive force (70), 
and conſequently, the ſmaller the alteration in the 
times of its Vibration (72), 

74. To illuſtrate this farther, let us ſuppole nutratien, 

the action of the Wheels equal to 1he action of 
gravity on the Pendulum, and let this action of 
the Wheels be ſo applied, that it :oppo/e the aſcent 
and promote the deſcent in the very ſame manner 
that gravity does: then, will the times of Vi- 
bration be only half as long as they would, if 
gravity alone acted ; for the velocity will be dou- 
bled (66), and the length of Vibration remain 
the ſame. | | 

5. And it by any means the action of the Ditto. 
Wheels on the Pendulum be diminiſhed, - fup- 
poſe —- the motive force of the Pendulum will 
(70, 74, be diminiſhed —, which will alſo 
diminiſh the velocity in the ſame proportion. 

76. But if the weight of the Pendulum be Dino. 

double the action of the Wheels, and their 
action as formerly, be diminiſhed , it will only 


X. 


— 


* Becauſe the action of gravity on the Pendulum is unalte- 
rably the fame, in the ſame place. nw 


make 
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| Wpronr or THE make a difference of n in the velocity; and 

———  =- conſequently in the time (67). 

Ditto, 77. Let the weight of the Pendulum be qua- 
druple the action of the Wheels, then will an al- 
teration of — of the action of the Wheels make 
only an alteration of —— of the motive force (70); 
and conſequently in the velocity and times. 

Ditto, 78. Let the action of gravity be to the im- 
petus of the Wheels on the Pendulum, as 100 
to 1; then if the action of the Wheels as for- 
merly be repreſented by 30, the whole motive 

8 force of the Pendulum will be 3030, and a di- 

| minution of — in the action of the Wheels, 

| will make an alteration of =, in the motive 
force and velocity of the Pendulum: Hence a 
Clock would loſe, one minute in 3030. 

Application. 79. Thus it appears, that zhe ſame cauſe that 
produces an alteration of one minute per hour, 
with a Pendulum whoſe weight is equal to the 
action of the Wheels (74), * will only cauſe an 
alteration of a minute in an hour and half, when 
the weight of the Pendulum is double the action 
of the Wheels (76); a minute in two hours and 
a half, when the weight of the Pendulum is 
quadruple the action of the Wheels (77) ; and an, 


alteration of one minute in 3030, (tuo days, 


nan" "IIS 
— 


— 


— 


That is, a Pendulum, on which the influences of the main- 
taining power and gravity, are equal: or in which each of them 
contribute equally to its motive force. 
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two hours, and 30 minutes), when the weight 
of the Pendulum is to the action of the Wheels, 
as 100 to I (78). 

80. Hence it is evident, that e alteration 
in the meaſure of time, is (cet. par.) to the who!e 
time, as the alteration of the motive force of the 
Pendulum (70) to its whole motive force. 

8r. And therefore, the advantages of Pen- 
dulums, are (cet. par.) as their weight “. 

82. I have here conſidered the action of the 
Wheels, as oppoſing the whole aſcent, as well 
as accelerating the deſcent: 'in which caſe, 
any alteration in it, (commencing at the extre- 
mity of Vibration) would have the ſame effect 
with an alteration in the power of gravity 
that is, it would alter the velocity and times, 
without altering the Arc of Vibration. 

83. But i all Chcks; the action of the Wheels, 
mult promote the deſcent, more than it oppoſes 
the aſcent of the Pendulums (or the contrary,) 
and conſequently, the Arc of Vibration will be 
increaſed or diminiſhed with the action of the 
Wheels: and the times of Vibration rendered 
more iſochronal than above ſtated (79); but the 
relative proportions of the changes that will 
happen in the times, will nearly remain the 


* Though I have here ſtated the advantage of heavy Pen- 


dulums as unlimited, I ſhall hereafter endeavour to ſhew, why 


the practice may not, beyond certain limits, agree with the theory. 


D ſame, 
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Alteration in the 
whole time: as, &c. 


Advantage of Pen- 
dulums, &c. 


Why the Arc's 
are increaſed and 
diminiſhed, 


MomenTUuxt or 
THE PENDULU 
| EO) 


Table of the mo- 
menta deſcribed. 


IMPROVEMENT OF 


lame . TI now proceed to compare, the MOMENTA. 
or PENDULUMSs, differently acquired. 

84. I have in a former part of this Eſſay 
ſhewn, that the advantages of long Vibrationc, 
bear a duplicate propertion to their Arc's (41, 47). 

85. Therefore, if there be two Pendulums, 
of equal weight and deſcribing equal Arc's, and 
it be required to increaſe the momentum in each 
equally ; but in the one by weight, and in the 
other by increafing the Vibration, it may be 
done as follows : 

86. Suppoſe each Pendulum ſix pound weight, 
and to vibrate one degree from its point of reſt, 
then will their momentum and advantages be 
equal; but if their momenta be equally increaſed 
(85), as above, the weight of the one, and the 
angle of Vibration of the other, muſt be, as in 
the following table; where you have in the firſt 
column, the increaſe of momentum, and di- 
rectly oppoſite to it, the weight of the one Pendu- 
lum in pounds, and the angle of Vibration of 
tbe other, in degrees and minutes. 


CE 
aw — s, 
LD —_—_—_ 


* The height to which a Pendulum will riſe, depends on 
its velocity at its loweſt point; without any regard to the means 
by which ſuch velocity was acquired: Hence, though the action 
of the Wheels on the paltets, accelerates the deſcent, it in ſome 
meaſure corrects ſuch acceleration in circular Arc's, by enlarging 
the following Vibration (19). But this does not happen in cy- 
cloidal Arc's. 


87. This 


CLOCK W-D.K: ©. 
87. This table aMOjnomen: Weight Angle of Vibration 


gives the momentum of. E — — 
the ſame, or equal Pen-| « | 0 55 
* * . 1 
dulums, vibrating dif- 24 3 
ferent angles. Thus: | 3 > LT wee 
88. Find the angles; |+* | % 
” . - 48 2 50 
of Vibration in the laſt] g + 54 3 | 
10 I 10 
column, and oppoſite % 120 3 
1 | 49 240 6 19 
to them in the firſt, 3% 5 3 
you have the momen- Lee [990 TIT TO 


ta. Ex. If the one vibrates one degree, and 
the other en degrees, their momenta will nearly 
be, as one hundred to one: If the one vibrates two 
degrees fifteen minutes, and the other eight 
degrees fifty-ſeven minutes, their relative mo- 
menta will be, as five to eighty ; and their ad- 
vantages in correcting the irregularities of the 
movement, are as the relative momenta (47, and 
81,) that is, directly as the weight, and in the 
duplicate ratio of the Arc. 

89. But to come cloſer to the purpoſe ; let us 
ſuppoſe that there be given a Pendulum of eight 
pound weight, deſcribing an Arc of ten degrees 


from the loweſt point; if it be required to make 


a Pendulum that ſhall have equal momentum 
with the former, and only vibrate thirty mi- 


nutes from its loweſt point, its weight in round 


numbers muſt be 3000 pounds; a weight, that 
1 am apt to think, the greateſt admirer of ſhort 


Vibrations would not, without apprehenſions, 
8 8 apply 
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Further uſes, . 


Ditto. 


Example. 
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Snonr apply to a Houſe- clock: but here appears not the 


VIBRATIONS 4 . . . A 
rxanuinep. leaſt riſque or inconveniency in acquiring the ſame 
1 momentum, by enlarging the Vibration as above. 


Otjection to long 90. It may be further urged in favour of 
Wabern, nd 5 ſhort Vibrations, that the influence of the oil 1 
on the pivots of the verge, is diminiſhed as | 9 
the angle of Vibration. But is it poſſible to 
imagine | that any perſon ſhould think of this, 
without having firſt attempted to diminiſh the 
influence of the oil on the pallets; where the 


14 
1 
4% 
bu 4 
4 
* 1 
1 
N . 
3 
i 
8 
. 
1 
42 
1 
5 
4. 
4 
4 "" 
4 
74 
FF 
= 
175 
* 
j 
+ $4 
3 of 
1 
= 
T4 


effect is at leaſt two hundred times as great ? L 
Further illuftra- 91 . Thoſe who xd c not yet ſatisfied of the E. 
vow in the lore: advantages of long Vibrations, may have further 5 
ms Fart Kc. ſatisfaction, when the influences of the oil on 0 


- - 


ſidered. And : 

1 92. As ſome may enquire, what could have 
induced ſo many learned, and ingenious men, zo 
prefer ſhort Vibrations to long? I ſhall endeavour 
to point out ſuch arguments, as appear of greateſt 
weight in ſupport of. ſhort. Vibrations. 8 

Argument firſt, in 93. Firſt, Becauſe ſhort Arc's of a circle, 1 

Vigur of not deviate little from the cycloidal curve: They are 3 
ſuppoſed to partake of the ſame properties. 

Argument ſecond. 94. Secondly, Becauſe ſhort Vibrations are leſs 
liable to communicate motion to the point of 
ſuſpenſion. And | 

Argument third. _ 95+ Thirdly, Becauſe they meet with leſs re- 
fiſtance from the air, and conſequently are main- 
tained by a ſmaller power; they are thought 
preferable to long ones. But 


the pallets and the reſiſtance of the air are con- 
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Sao” 
But let us now enquire, whether | thiſe « are real . 
or imaginary advantages. "EXAMINED, 


96. And firſt, of the cyc/oidal properties, they Cx ap 
ſeemingly having introduced ſhort Vibrations; ties. 

I here confine my remarks to the eſtabliſhed 
theory only, and paſs all the imperfe Kiens of 
materials or execution. 

. Mr. Huczns demonftrated, that a Pen- By „ e 
dulum, vibrating 1 in the cycloidal curve, would ns 
pe erform all its Vibrations, whether long or ſhort, 
in equal times“; and directly thought of apphy⸗ 
ing this to Clock-pendulums, and pointed out a 
method, by which the center of oſcillation of a 
Pendle might be made to deſcribe a cycloid.” 

98. But here, the center of oſcillation WAS Center of oſcilla- 
conſidered as a fixed point; which cannot be don. 2 dee 
in a Pendulum vibrating between cycloidal Vibrations. 
cheeks; for the Pendulum alters its length in 
every part of the Vibration, and conſequently 
the center of oſcillation muſt be continually 
changing its place, and ſo deſcribe a curve dif- 
ferent from the cycloid; nor has any method 


been yet propoſed for obviating this difficulty. 


99. But, /uppofing this obfection removed, what Other objeQions 
is aired of Pendulums deſcribing a cy- 3 checks 
cloid, is by no means true, after ſuch Pendulum 


is applied to a Clock. 


— 


— 
— — 


* But this demonſization does not include the influences of 
the medium. 


100. Sir 
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Of _—_ 100. Sir Isaac NREwTON was well aware of 
—— Mr. Huczxs's overſight in both theſe articles; 


for, when as ſhews how to make a Pendulum de- 
Sir Isaac New- ſcribe a cycloid, he ſuppoſes it a point. Sce his 
TON aware of this. Prin. Math. Prop. 50. 

101. And when ns demonſtrates the cycloi- 
dal properties of a Pendulum, (Prop. 5 1.) he 
expreſsly fays, © THAT Gravity ALONE, 
act on the Pendulum; which tacitly ſuggeſts, 
that when the Wheels of a Clock act on the 
Pendulum, the cycloidal properties are deſtroyed. 

Argument in fa- 102. But it may be ſaid, that if the Wheels 
your of cyc1oida! of a Clock are made to act on the Pendulum, 
in the very ſame manner that gravity does, the 

cycloidal properties may be prelerved : but this 
Suppoſition not ſuppoſes the action of the Wheels, as invariable 
wy as the action of gravity, which I imagine is not 
the caſe in any Clock, that has yet been made; 

and if any alteration happen in the action of the 

Wheels, thus applied; it will have zhe /ame effect 

on the meaſure of time, as an alteration in the 


power of gravity. 


Action of the 103. Nor is it poſſible to make the action of 


V heels can never the Wheels, in every reſpect, to coincide and co- 


coincide in every 


reſpect with gra- operate, with gravity z for gravity promotes the 

vity on the 3 5 gr 1 « 1 Rr T P 

Fe Sh deſcent in every point, and in the fame manner 
oppoſes the aſcent ; which can never happen in 


the action of the Wheels on the Pendulum; for, 


Reaſon. 104. Though it may promote the deſcent, in 
the very ſame manner that gravity does, it can 
1 ; never 
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never oppoſe the aſcent, as much, and in the ſame Of eie 
manner; for in that caſe, it would counter-ac ——— 
itſelf, and cea/e to maintain the Fibratians : but of 
this more hereafter. | 
105. Let us for a few minutes diveſt our- Enquiry, 
ſelves of cycloidal prejudices, and found our 
enquiries on common ſenſe, and the following 
conſiderations will naturally preſent themſelves. WIE. 
106. Whenever cycloidal cheeks are applied, {259% 4 rol 
it is ſuppoſed that the longer Vibratians are formance with re- 
{lower than the ſhorter ones; but though this 
is the caſe in detached Pendulums, it is quite 
otherwiſe in thoſe applied to Clocks with recoiling 
pallets. For, 


107. If we add, to the moving power of a An caly experi- 
Clock on the recoiling principle, its Vibrations TE OW 
will become longer, and at the ſame time 
quicker : this is a truth of which few, if any 
Clock-makers, are ignorant, and of which any 
perſon in poſſeſhon of a Clock of the recoiling 


principle, may ſoon be convinced“. 
108. How 


4 
— — = — 
. ——_— _ _— — —_ — 


* It may poſſibly be here ſaid, that though this has been gene- 
rally if not univerſally the caſe, 'yet a certain mode and quantity 
of recoil, may be eſtabliſhed, that will give in practice, all the 
properties that the cycloid does in theory : but I am apt to think 
that ſuch inveſtigation, is much more difficult than that of the 
cycloid z and that the application of ſuch theory to practice, 
mult be more critical than even that of the cycloid. For, 
admitting that the mode and quantity of recoil is inveſti- 
gated, the application to practice, will be more difficult than the 
cycloidal cheeks, in proportion, as the face of the pallets is 


ſhorter 
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rocoil. 


Effect with a dead- 
beat poſtponed, &c. 


IMPROVEMENT OF 
108. How abſurd then would it be, to render 


thoſe quickeſt Vibrations, yet quicker, by the ap- 


plication of cycloidal cheeks ? 

109. 1f thus, it appears, that the application 
of the cycloid to Clocks, does even in zheory in- 
creaſe the evil: What muſt they do? when we 
add, the imperfeftions of execution, the elaſticity 
of cycloidal cheeks, together with the many changes 
that happen therein by heat and cold, and the bad 
effefts that may ariſe from the corroſion of the 
metals, &c. &c *. | 

110, I cannot here inveſtigate the effect of cy- 
cloidal cheeks with the dead-beat, without anti- 
cipating the theory of pallets, but ſhall. here- 


after endeavour to ſhew the impropriety of any 


application of them, ſince the effect of the den- 
ſity of the air, on the notive force of the Pen- 
dulum, does exactly balance the effects of its re- 
ſiſtance in circular Arc's: ſo far as they in- 
fluence the meaſure of time, as ſhall be ſhewn 


in its proper place. But here 


ſhorter than ſuch cheeks: and I ſhall ſhew hereafter, that in 
Clocks where the maintaining power 1s uniform, circular Vibra- 
tions are preferable to cycloidal ones; and the ſame objections 
ſtand in the way of any recoil of whatever kind. 

This chiefly alludes to ſuch Clocks as have a recoil, which 
has been the caſe with moſt, to which cycloidal cheeks have 
been applied; and in all Mr. Hucexs's Clocks: but I ſhall 
ſhew 1n 1ts proper place, that the cycloidal Vibrations are infe- 
rior to the circular, in a reſiſting medium whoſe denſity is change- 
able, whatever be the conſtruction of pallets. 


111. It 
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111. It ſeems no more than reaſonable to Of aoRT Vi- 
TIONS, 


conclude ; that ſhort Vibrations derive no greate 


advantages from any affunity they may be ſuppoſed 
to have to the cycloid ; than the cycloid poſſeſſes. 

112. And though all that hath been demon- Impropriety of 
ſtrated of the cycloid, had been as unexception- . 
able in Clock-pendulums as in imaginary ones; 
it would not follow; that ſhort Arcs would have 
any more of the cycloidal properties, than ſtraight 
lines have of the properties of ſhort Arcs; and 
if ſuch inaccuracies are admitted-as mathemati- 
cal reaſoning, we need not be ſurpriſed to hear 
it aſſerted, that there is no difference between a 
cycloid and a ſemicircle; we may deceive our- 
ſelves by ſuch reaſoning, but cannot impole on 
nature; the ſmalleſt part of the oze, for part of 
the other. 

I13. As to the motion that may be commu- Suſpenſion. 
nicated to the point of ſuſpenſion (94), I have 
only here to obſerve, that it may be more advan- 
tageouſly prevented by rendering the point of 
ſuſpenſion more immoveable, than by rendering 
the Vibration ſhorter ; ſince by this means, we 
may preſerve the one advantage; without loſing 


the other. Of this more hereafter. 


Its changes only 
to be conſidered. 


S hortens the time 
of aſcent, as 


much, &c. 
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As to the reſſtance * of the Air. 


114. I formerly have obſerved (27, 28), that 
we are only to conſider the alterations that hap- 
en therein; and if in this reſpect ſhort and long 
Vibrations are found on a level, he /atter is to 
be preferred, for reaſons already given (89, 47). 

115. Since the refiftlance of the air ſhortens 
the time of aſcent (17), as much as it prolongs 
the time of deſcent (17); let an aſcent, and deſ- 
cent, be taken together ; and any change in the 
reſiſtance, can only affect their times, by render- 
ing the Vibrations longer or ſhorter (19). And 
therefore , 


* © 2 1 -- 2 — — 1 d 


* By the reſiſtance of the air, we are only to underſtand the 
effects of its Vis inertiæ, by which the motion of bodies paſſing 
through it is deſtroyed : ſuch effects as ariſe from its different ſpe- 
cific gravities, independent of its Vis inertie, ſhall be conſidered 
towards the end of this Eſſay. i 

+ Sir Isaac Newron takes notice in the 2d Corol. to Prop. 
27. Prin. Math. V. 2. © That the time of deſcent of a funipendu- 
jous body, is ſomewhat more prolonged (by the reſiſtance of 
the air) than the time of its aſcent is contracted, in proportion as 
*© the deſcent is longer than the ſubſequent aſcent > which is not the 
caſe in Clock-pendulums, where the time of deſcent is contracted 
by the action on the pallets : and if the reſiſtance ariſing from the 
Vis inertie of the air, tends to render the Vibrations ſhorter, and 
quicker in circular Arcs (19) in proportion to its denſity ; the 
ſpecific gravity of the air independent of the Vis inertiæ, tends 
to render them ſlower, in the ſame proportion. See 6 Corol. to 
Prop. 24. of his Principles; where he ſays : That the com- 
** parative weight is the motive force of a body in any heavy 
medium: and therefore does the ſame thing in ſuch a non-re- 
* ſiſting medium, as the abſolute weight does in a vacuum.“ 


116, The 


But of this hereafter. 


C LOCEK-W O R K. 


116. The iſochroniſm will be leaſt altered in 
thoſe Vibrations, that undergo the leaſt prapor- 
tional alteration in their length (14), from any 
change, in the reſiſtance of the air; or in the 
maintaining power. 

117. The reſiſtance that a Pendulum meets 
with from the air, bears a duplicate proportion 
to the length of the Vibration: and the re- 
ſiſtance that gravity makes to the aſcent of the 
Pendulum, is alſo in the ſame proportion. There- 

ore, 

4 118. All that has been ſaid concerning the 
comparative advantages of long and ſhort V ibra- 
tions (from 29 to 48), is equally applicable 
to the uniform reſiſt ance of the air“. 

119. And, though the whole reſiſtance is 
much greater in long, than in ſhort Vibrations 
the change that any alteration in the denſity of the 
air, will make in the reſiſtance; will bear no leſs 
Proportion to the whole reſiſtance in ſhort Vibra- 
tions than in long : And therefore, (116, 118). 

120. If no other conſideration than the uni- 


form reſiſtance of the air, did take place; 1E 


Here it is to be obſerved, that the uniform reſiſtance of the 


air, tends to diminiſh the effect of any change in the maintain- 


ing power, in the duplicate proportion of the Arc of Vibration. 
See Plate 1. Fig. 1 and 2. where the reſiſtance of the air as 
well as that of gravity may be repreſented by the perpendicular 
heights (117), (i. e. the verſed fines,) ſo that the former muſt 
have a ſimilar eflect with the latter in preſerving the Vibration 
of a more equal length, (41, 46, 47) and more ifochronal (14). 
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LONGER VIBRATIONS IN CLOCK-PENDULUMS are 
much preferable to the ſhorter ; nor do the altera- 
tions that happen in ſuch reſiſtance render them 
inferior (119) “. 

12x. Some admirers of ſhort Vibrations, may 
urge what Sir Isaac NE w TON has wrote in the 2d 
Cor. to the 27th Prop. V. 2. of his Principia; but 
I may venture to aſſert, that if their attention in 
reading, is equal to his judgment in writing, they 
will not apply any part of what he there ſays, to 
Clock-pendulums : 

I22, His words are, That the ſhorter oſ- 
<« cillations are more iſochronal, and very ſhort 
{© ones are performed nearly in the ſame times, 
« as in @ non-reſi/ting medium f. 

123. But let it be obſerved ; that what Hz has 
demonſtrated, is expreſsly of funipendulous bodies 
+, to diſtinguiſh them, from ſuch bodies as have a 
maintaining power, and are kept in con/tant no- 
ion. 


md — — 


* If a pendulum approaches near to a ſolid body, at the ex- 
tremities of its Vibration, the repercuſſion of the air from ſuch 
body may tend to accelerate the deſcent ; and ſo contract both, 
the times of aſcent and deſcent ; on which account, Clock-pen- 
dulums ſhould have ſo much room as never to approach very 
near to the caſe. 

By a non-reſiſting medium is here meant, a medium 
deprived of its Vis inertie ; and it is alſo implied that its denſity 
remains the ſame: otherwiſe the times of Vibration might be al- 
tered, even in a non-reſiſting medium. 


Bodies ſuſpended by threads. 


124. His 


S1 on. 


124. His meaning therefore, may be expreſſed 
thus; fince the reſiſtance of the air is in the duplicate 
proportion of the velocity, the longer Vibrations 
(where there is no maintaining power) mult loſe 
more motion than the ſhorter ones do: and when 
the Vibrations become very ſhort, the reſiſtance 
is ſo ſmall, as to produce no ſenſible effect in the 
length, or time, of many Vibrations. 

125. Any one who reads with due attention, his 
demonſtrations concerning Pendulums, will clearly 
ſee that he did not intend they ſhould be undes ſtood 
of ſuch as were applied to Clocks ; For, 

126. When he gives the method of cauſing a 
Pendulum to oſcillate in a cycloid (Prop. 50.) he 
ſuppoſes it, à point; and this ſuppoſition re- 
moves in his demonſtrations, any inaccuracies that 
may be found in Mr. Hugtxs's ; who expresſly 
ſays Clock-pendulums are meant; and that the 
center of oſcillation is a fixed point within them. 
But of this more hereafter, 

127. Moreover, when Sir Isaac demonſtrates 
the properties of Pendulums oſcillating in a cy- 
cloid (Prop. 51.) he ſays, That gravity alone, 
acts on it; does not this even ſuggeſt, that the 
addition of any other power would deſtroy theſe 
properties? 

128. If any further proof ſeemed neceſſary; 
that oUR INCOMPARABLE PHILOSOPHER did not 
mean, any of the demonſtrations of funipendu- 


ous bodies, to be underſtood of Cluck-fendulums j 
and 
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and that he was well aware of the changes that 
the application of a Clock would cauſe in the mo- 
tion of a Pendulum. 

129. I might further obſerve ; that in the 
above cited corollary (121) he ſays, ©* But the 
c timesof thoſe (Vibrations) which are performed 
« in greater Arcs are a little greater, becauſe 
the reſiſtance in the deſcent of the body, 45 
which the time is prolonged, is greater, in pro- 
« portion to the length deſcribed in the deſcent, 
te than the reſiſtance in the ſubſequent aſcent, by 


« which the time is contracted. This cannot 
be underſtood of Clock-pendulums, for it ſup- 
poſes each ſubſeqnent aſcent ſhorter than the pre- 
ceding deſcent, which muſt terminate in reſt, 
130. But as ſoon as a Clock-movement is ap- 
plied toa Pendulum, the deſcent is performed in 
leſs time than the aſcent, becauſe the action of 
the Wheels promotes the deſcent, and renders each 


A 


Li) 


0 


cc 


Further reaſons, ſubſequent aſcent, as long as the preceding; 


MOREOVER ; What He means to be underſtood of 
Clock-pendulums, he expresſly mentions ; See 


Cor. 2. Prop. 53. Pr. Math. 


tt... — — — 


—Cc 


* Becauſe the reſiſtance, 1s in each, as the ſquares of their 
velocities : 1. e. as the ſquares of the ſpaces deſcribed : if the 
ſpaces deſcribed remained the ſame, ſo would the reſiſtances : 
but this, not being the caſe; it is evident that what Sir Isaac 


here ſays ; is by no means to be underſtood of pendulums having 
2 maintaining power, 


2 131. 1: 


C LO C K-W O R K. 


131. It does not therefore appear, that ſhort 
Vibrations derive any advantages from their ſup- 
poſed affinity to the cycloid; nor that Sir Isaac 
Nxwrod any where meant, to recommend them in 
Chcks ; if the improvement of Clock-work, had 
been his motive for writing, it cannot be doubt- 
ed, that he would have ſhewn as much Mathe- 
matical ſkill and accuracy in this, as in other 
ſubjects; but his views were more exalted. 

132. We muſt then judge of ſhort Vibrations, 
ſolely, by the known properties of the circle; and 
when we have compleated a probable theory, 
experiment will beſt determine its merits. 

133. One reaſon more, againſt ſhort Vibra- 
tions and heavy Pendulums ; is, that the ſpring 


that ſuſpends the Pendulum, muſt increaſe in 


ſtrength, as the Pendulum does in weight ; and 
ſince all ſprings alter their dimenſions, and conſe- 
quently their elaſtic force, by heat and cold ; it 
follows, That 
134. Such changes, mult in every ſpring bear 
a certain proportion to the whole elaſtic force ; 
therefore, the changes that will ariſe in the forces 
of different ſprings by equal changes in their de- 
gree of heat and cold, will be to each other, as 
the relative forces of Juch ſprings; And 
135. Though I have hitherto conſidered the 
motive force of the Pendulum, as compoſed 
wholly of gravity and the action of the Wheels ; 
(70), it woald be abſurd, mot to add to them the 
elaſtic 
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elaſtic force of the above ſpring, ſince it oppoſes 
the aſcent as much, and in the ſame manner, as 
it promotes the deſcent, and therefore has a con- 
ſtant tendency to ſhorten the times of Vibra- 
tion “. 

136. And the effect that this elaſtic force 
will have on the times of Vibration, will be (80) 
as the elaſtic force, to the motive force of the Pen- 
dulum; And, 

137. Since the alterations in this force, are, 
in different ſprings, early as their whole force, 
(134), it follows, that the relative effect that ſuch 
changes in the force of the ſprings would have on 
the times of Vibration, would be directly as the 
whole force of ſuch ſprings. 

138. But as the force of thoſe ſprings muſt 
increaſe as the weight of the Pendulum, the al- 
terations that will happen in the times, will be 
(137) as the weight of the Pendulum ; and con- 
ſequently when the momenta are equal, it will 
be much greater in ſhort, than in long Vibra- 


tions (89) F. 


— 


— — 


* Some chuſe ſtiff ſprings, as they refiſt moſt towards the ex- 
tremities of the Vibrations, from which they acquire in ſome 
degree the properties of the cycloid : But any alteration in the 
action of this ſpring, has the ſame effect as an alteration, in 
power of gravity: which alters the times of Vibration, in cy- 
cloidal, as well as in circular Arcs. 

+ Nor will the certrifugal force of the longer Vibrations, at its 
loweſt points, nearly ballance this inconveniency in the heavier 
Penduluins. 


139. Some 


ED. 
129. Some may poſſibly expect that I ſhould 


here mention the exact limits for the length of 
Vibrations and weight of Pendulums, but though 
I. have endeavoured to run a parallel betwixt the 
advantages of each, I do not pretend to pre- 
ſcribe for the practice of others; and though 7-7 
common I uſe Pendulums from 6 to 16 pounds 
vibrating from three to fix degrees, from the point 
of reſt* ; I do not aſſert that thoſe limits are 
beſt ; on the contrary, I imagine that Vibra- 
tions may advantageouſly be enlarged to ten de- 
grees on each fide the point of reſt ; but this re- 
quires further improvement in Clock-work : of 
which more hereafter. 

140. In this enquiry into the nature of Vibra- 
tions, I have endeavoured to uſe ſuch reaſoning 
as may be underſtood by every man of ſound 
ſenſe, though not poſſeſſed of the advantages of 
a Mathematical education ; and I expect that 
by having thus, as much as in me lies, increaſed 
the number of my judges ; impartiality will be- 
lieve, that Iwiſh no overſight of mine to miſlead 
or paſs unobſerved. 

141. Some further objections to cycloidal Vi- 
brations are reſerved for an after part of this eſ- 
ſay, when the different effects of ſuch alterations 
as happen in the denſity of the air are conſidered. 


LAY 8 —_ 


* That1s, Arcs from 6 to 12 degrees. 
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142. HavixG SHEWN, That the advantages of 


E different Vibrations, in correcting the influence 


of any changes that may happen in the main- 
taining power are (cet. par.) in the duplicate 
proportion of their repective lengths (41, 47). 

243. That the conſtant refſtance of the air, 
has the ſame tendency to correct any irregularity 
in the maintaining power, and to limit the length 
of the Vibration; hat the action of gravity has 
(118). 

144. And that ſuch umiform increaſe of fric- 
tion as takes place by increaſing the maintaining 
power, cannot influence the performance of the, 
Click (50, 60). 

145. That the reſiſtance of the medium has the 
ſame effect in altering the length of Vibration, 
as diminiſbing the maintaining power would have 
(51, 52). And conſequently wha? is ſaid of the 


former, (41, 47), is equally applicable to he 


latter. 

146. That ſhort Vibrations derive uo advan- 
zage by being maintained by a ſmaller power in 
proportion to their momentum, than long Vi- 
brations are (48 to 51). 

147. That no method is yet inveſtigated for 
giving the 27ue cycloidal properties to Pendulums, 
(98, 99); and that any remaining error is dimi- 
niſhed by enlarging the Vibration (41, 47). 

148. That admitting all that Mr. Hucexs 
has demonſtrated of the cycloid ; ſhort Vibra- 


2 tions 


E 
tions in a circle, derive no advantage from their 


ſuppoſed affinity thereto (112). 

149. That the reſiſtance of the air can only 
alter the times of circular Vibration, % altering 
their lengths (115). 

150. That Sir Is AAC NEwTON has no where 
recommended ſhort Vibrations for Clocks; nor 
did he intend that his demonſtrations of funi- 
pendulous bodies ſhould be any how applied to 
Clock-work (121 to 133). 

151. That momentum may be acquired 79 4 
greater degree and more advantage, in long than 
in ſhort Vibrations (133 to 138), and, that on 
the whole, long Vibrations are inferior to ſhort 
ones in one article only ; which takes its rife 
from the imperfections of execution; and may 
therefore be remedied by proper care in the me- 
chanic (113), as I ſhall ſhew hereafter. 

15 2. FROM ALL WHICH, it may be concluded, 
that long Vibrations are leſs influenced by equal 
cauſes, than ſhort ones : which concludes the fir/t 
part of the theory of Chck-work (5). I now pro- 
ceed to the StconD: in which many articles will 
occur, that will corroborate what has been al- 
ready ſaid. 

153. The ſubjet of enquiry in the ſecond 
part of this Eſſay is, Wfar consTRUCTION OF A 


Cock, tends leaf? to alter the ifechroni/m of the 
fame Pendulum. 


F 2 154. As 
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154. As the influence of heat and cold on the 
Pendulum, and the irregularities of action, with 
wheels and pinions, take place in almoſt all 
Clocks; I refer the conſideration of them to a 
ſubſequent place; and only obſerve here, that 
in each of them, equal cauſes always produce 
equal effects. ; 

155. The influences of heat and cold on the 
eil applied in Clocks, is of a more irregular na- 
ure; for the qualities of the oil, are through 


time changed by the motion of the Clock, in fo 


much that equal degrees of heat and cold will 
have different effefts at different times; which 
makes it impoſſible to apply a remedy by means 
of, the expanſion of metals; and it would even 
ſeem that a perfect remedy had been deſpaired 
of unleſs by diſcontinuing the uſe of oil: this is 
alſo big with difficulties, and at the end we will 
find, that we have (at a conſiderable expence) 
only ſubſtituted a ſmaller imperfection for a 
greater. | 

156. I ſhall here endeavour to ſhew; how 
this imper feftion may be much reduced, and what 
conſiruction of a Clock will be leaſt influenced by it, 
when thus reduced. 

1:7. Since a ſmaller quantity of oil, is ſooner 
deſtroyed by motion, than a greater; the effect 
will be rendered leſs, and always more propor- 
tionable to the cauſe, by ſupplying the pivots 
with a greater quantity of oil, which ſhould be 


contained 


3 ( 
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CLOCK. 


contained in a metal not ſo liable to corrode as 
braſs *; for moſt oils unleſs concentrated by cold, 
contain more or leſs of ſaline, aſcid or aqueous 
parts, ſometimes all the three ; which corrode 
the braſs ; and the parts thus corroded, mix 
with and deſtroy the oil: care mult alſo be maker 


not to uſe a ſoft malleable metal however fine, 


for duſt, &c. will ſtick to it, and tear the pivots : : 
I have uſed hardened ſteel for this PULP, 17 
1 10 any other metal. 

1 58, If the ſame oil be applied to any num- 
ber of Clocks, equal degrees of heat and cold 
will have equal effect on the fluidity thereof in 
each Clock, without regard to their moving 
powers : Therefore, 

1 59. If there be any number of Clocks whoſe 
moving powers are as 5, 10, 20, 40, &c. having 
the ſame oil applied, and equally expoſed ; any 
change of heat or cold will equally add to, or 
ſubſtract from, their moving powers (158) 3 
ſuppoſe one degree of diminution in each, then 
will the moving powers acting on the pallets, be 
as 4, 9, 19, 39; ſo that he alteration, is to the 
whole moving fower in each, inverſely as the 
m:0ving powers to each other, 


* The expence of diamonds or rubies, is the only reaſon of 
my not recommending the uſe of them. But I here treat of the 
improvement of Clocks, for domeſtic uſes, wherein expence 
muſt as much as poſſible be avoided. 

160, But 
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160. But the immediate alteration that any 


change in the moving power will cauſe in the 
meaſure of time, will be to the whole time, as 
the alteration in the moving power to the whole 
motive force of the Pendulum (80). 

161. Every Clock continues to increaſe its 
Vibration till the reſiſtance of the air, &c. be- 
comes equal to the maintaining power; and 
therefore, the momentum accumulated in the 
Pendulum increaſes with the maintaining power ; 
and fince the momentum is increaſed nearly as 
the motive force of the Wheels; and the compa- 
rative influences of the oil diminiſh in the ſame 
proportion (159); I. follows that, 

162. The influences of the oil, will affect the 
going of a Clock, (cet. par.) nearly in the inverſe 
duplicate proportion of the motive force of the 


Wheels (161). And therefore, 


Clocks ſhould 
niove freely, &c. 


The variation in 
time is greater 
with ſmall, than 
great weights, 


163. Though the execution of all Clocks 
ſhould be ſuch as render their motion as free and 
eaſy as poſſible, no advantage is gained by uſing 
the ſmalleſt weights that will maintain the mo- 
tion of the Pendulum; but the contrary this 
anſwers well for proving the care and judgment 
of the workman, but ſo ſoon as that end 1s ob- 
tained, the moving power ſhould be increaſed in 
order to improve the performance (162). 

164. Example: A Clock that will go for 
eight days with two pounds, will meaſure time 
much better, if a weizht of twelve pounds be 

applied; 
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applied ; for the momentum of the Pendulum 
will by this means be increaſed, nearly as twelve 
to two (161), and the influences of the oil, will 


be diminiſhed in the ſame proportion (160), 
therefore the alterations occaſioned in the mea- 


ſure of time, by equal changes in the oil, would 
be in the former caſe, to the alteration in the lat- 


ter as thirty-ſix to one *, 

165. Thus it appears how much thoſe are mi 
taken, who uſe very ſmall weights to Clocks : tor 
though an increaſe of weight is attended with an 
increaſe of friction, it only argues that the longer 
Vibrations require more maintaining power in 
practice than in abſtract theory (50) . 

166. What has been hitherto ſaid of the in- 
fluence of the oil, is more particularly to be un- 


der ſtood of that applied to the pivots : for, though 


—_—}. 8 


V if —_ „ 


* I have admitted, that the momentum is increaſed exactly as 
the maintaining power, for the ſake of a ſimple illuflration ; not 
with any view of deceiving : and if it appears that the advantages 
increaſe with the maintaining power, though not in the exact 
proportion here ſtated, my end is obtained. | 

+ It alſo appears, that an increaſe of maintaining power is ad- 
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Miſtake of uſing 
{mall weights, 


Greater on the 
pallets than pivots, 


vantageous, even without regard to the increaſe of momentum 


acquired by 1t. Hence ir is not fo great an advantage in ſhort 
Vibrations, that they are maintained with ſmaller weight ; for if 
the maintaining power was as uniformly the ſame, as the exertion 
of gravity, it would conſtitute as advantageous a motive force: 
Hence it is not the quantity, but the irregularities of the maintain- 
ing power, that hurts the performance of Clocks : and there- 
tore the moſt regular is to be preferred, without regard to the 
proportion it bears to the momentum of the Pendulum. 


it 
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it alſo applies to the oil uſed on the pallets, the 


—— — cet of any change in it, is much greater than 


As the revolutions, 
&c, 


As the ſpace, &c. 


Comparative on 
each pivot, &c. 


has been hitherto mentioned ; for any diminu- 
tion in its fluidity tends 70 deftroy the momen- 
tum which the Pendulum had already acquired, 
as well as to diminiſh the maintaining power ; 
here, action and re- action conſpire to alter the 
iſochroniſm of the Pendulum. 

167. If the influence of thę oil on any pivot 
during one revolution, be expreſſed by one, the 
influence of two revolutions, will be two; on 
three revolutions, three; &c. Therefore the in- 
fluence of the oil, on any pivot in any given time, 
will be as the accnbex of its revolutions. 

168. The ſpace deſcribed is alſo as the revo- 
lutions; therefore the influence of the oil will be 


(cet. par.) as the ſpace deſcribed. 


I 4 Thus, may the comparative influence of 


the oil on each pivot in a Clock be found, if al- 
lowances be made for their different e en 
Example: Since the ſwing wheel makes ſixty re- 
volutions for one of the minute wheel; if their 
pivots were of equal ſize, the influence of the oil 
on the former, would be to its influence on the 
latter as 60 to 1; but allowing the pivots of the 


minute wheel to be thrice as thick as thoſe of 


the ſwing wheel, the relative influences on them, 
will be as twenty to one. 


170. If 
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CLOCK-WOR K. 41 
170. If it be deſired to repreſent the influ- Ox THE PAL- 


LETS. 


ence of the oil on each pivot in an eight-day ——— 


Clock, it may be done as in the margin. 


171. In the firſt column 


1 

you have the Wheel; in 5 355 3. 

the ſecond, its number of | Wheeb. | 5 f 8 
revolutions; in the third, & 2282 1 
the mean ſize of both rin, |, |, e of the table, 
pivots; and in the fourth, | Tia,” | 35 „ |, | 

the influences of the oil: [erde [720 | 1" 1726 | 


by which it appears; that e influence on the 
pivots of the ſwing wheel is nearly four times as 
great as on all the other pivots in the Clock. 

The influences of the oil on THE PALLETS are On the pallets. 
next to be conſidered — 

172. Let AB C, Plate 2d, repreſent the ſwing Demonſtration, of 
wheel of a Clock, and H K D the pallets; if the OO 
Pendulum be made to vibrate, the leaſt angle that 
will poſſibly allow the Wheel, to eſcape ; the in- 
fluence of the oil on the pallets during one Vi- 
bration, will be as the length of the plane F A 
or C D on which the Wheel acts (168), and the 
influence during two Vibrations, will be as both 
theſe planes ; therefore, if A O, is made equal 
to FA and C D, together, it will repreſent the 
influence during two Vibrations; but A O, is 
greater than the Arc AL M, and therefore, will 
bear a greater proportion to any third quantity, 
and the influences are as the ſpaces (168) ; there- 
fore the influence on O A, will bear a greater 


G proportion 
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Action, and re- 
Ac lion have effect. 


Wheel to its pi- 
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proportion to the influence on the ſwing wheel 
pivots ; than the influence on the Arc A LM, 
would bear to it : but let us here ſuppole the 


influence, only as the Arc A LM, then will the 


influence on the pallets, during one revolution 
of the ſwing wheel, be to the influence on its 
pivots, as the diameter of the wheel, to the mean 
diameter of both pivots. 

173. It may here poſlibly be faid, that though 
this influence takes place at the ſame time on 
both the pivots, it does not ſo on the pallets ; 
but let it be remembered, that on them, action 
and re-action have each an eſtect (166), but in 
no other part of the movement; therefore the 
leaſt influence zhat can polſibly take place on the 
pallets (172), will be to the influence of both 
pivots of the ſwing wheel; as the circumference of 
the wheel to the mean Circum ference of both its 
Pivots. 

174. We may reaſonably ſuppoſe, that the 
circumference of the ſwing wheel is to that of 
its pivots, as 50 to 1; in which caſe, the in- 
fluence of the oil on the pallets, with the leaſt 
Poſſible vibration, will be to the influence on the 
{wing wheel pivots as 50 to 1 (173): but the 
influence of the oil on the ſwing wheel pivots, 
has already been proved equal to four times the 
influence on all the other pivots (171); therefore, 
the leaſt poſſible influence, that the oil will have on 
the pallets, is two hundred times as great as the 

infſuence 
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. a f ; K On THE PAL- 
influence on all thoſe other pivots or forty times On Tur: 


as great as the influence on all the pivots, thole ————— 


of the ſwing wheel included. . 
175. I have hitherto ſuppoſed the Vibration as a 400 1. 
ſhort as could poſſibly allow the Wheel to eſcape, 


in which caſe, the influence would be the ſame ; 
whether the pallets were conſtructed on the rECOIL- 


1 ING principle, or that of the DEAD-BEAT ; but, 

= 176. Let us nom ſuppoſe, the pallets con- wich 6. dead. 

1 ſtructed on the principle of the DEA D-NZATr, and beat. 7 
3 that tbe Vibration is doubled, then will the Wheel 
1 embrace the circular part of the pallet, and each 

3 tooth will move from F to P, and from P to F 

E again; before it begins to act on the plane FA; 3 


therefore (168), the influence of the oil will now 
: be, to what it formerly was, as twice FP toge- 
ir ther with FA, to FA; and if FP betoFA, as 
two to three, twice F P will be to F A, as four 
to three; and therefore (168), the influence on the 
pallets will now be, to what it formerly was (174), 
as ſeven to three; and to the influence on all the 
pivots, nearly as ninety-two to one *; and this I 
take to be the general proportion of influence on 
the pallets in Mr. GRAHAu's Clocks, and in the In Mr. Ga 
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Fe generality of others that go with {mall weights, © cc. 
: Or to the influence on all the pivots, thoſe of the ſwing 

1 wheel excepted, nearly as 466 to 1. 

G 2 and 
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With a recoil. 
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and where the pallets take in twelve teeth of tlie 
ſwing wheel “. 


177. Let us now ſuppoſe the above pallets, con- 


flrufted on the RECOILING PRINCIPLE 3 and enquire 


what will be the influence on them ; all other cir- 
cumſtances as formerly. 

178, Let AF be produced to H, and it will 
repreſent the plane on which the Wheel acts; 
by the conſtruction of the figure, FO, will be 


greater than F A, for they ſubtend equal angles 


at the center; but we ſhall here ſappoſe them 
equal, Now, let the tooth C, eſcape the pallet 
CD, and the tooth M, will drop in the point F; 
when the whole Vibration 1s performed ; that is, 
when the Pendulum is at the extremity of its 
Arc, the tooth M, will be at O, from whence it 
muſt return to A, before it can eſcape the pallet. 
Thus it appears, that in each Vibration the tooth 
deſcribes on the pallet, a ſpace equal to thrice 


AF; therefore, the influence of the oil on the 


9 — —e— 


— — 


r 


* Plate 3. Fig. 3. exhibits at one view the length of the 


pallet, and the diſtances of the center of the verge from that of 


the ſwing wheel, according to the number of teeth of the Wheel 
which the pallets take in, from 2 to 12 : By which it appears, 
that the diſtance of thoſe centers, is the ſecant; and the length 
of the pallets the tangent, of half the angle ſubtended at the 
center of the ſwing wheel, by ſuch number of teeth. 


pallets, 
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pallets, during each Vibration, will in this caſe 


be to the influence on F A, as three to one. 
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179. And (174), the whole influence on the Ie thatentbe pi. 


pallets will here be, 0 the influence on all the 
pivots, as one hundred and twenty to one ; but the 


influence with the pzaT-BEAT has been proved, 
to be to that on all the pivots, as ninety-two to 


one (176); conſequently, he influence of the oil 


on the pallets, with the RE cOIL, is to the influence 
with the DEAD=BEAT, (in this caſe) as one hundred 
and twenty to ninety-two, 

180. I have in the above calculations con- 
ſidered the influence on the pallets only, but it 
we allow for the additional influence on the pivots 
with the recoil, the whole will be greater than 
above ſtated ; for the whole influence on the 
pivots, will be as the ſpace deſcribed by the 
point of any tooth in the wheel during ſixty Vi- 
brations ; to the circumference of the Wheel. 

181, In the above comparative view, the face 
of the pallet has been conſidered as a plain; but 
the demonſtrations will apply, ſuppoſing them 
curves ; only obſerving that in ſuch caſe, the in- 
fluence will be increaſed in the proportion that the 
length of ſuch curve bears toa ſtraight line joining 
its extremities 3 and the relative influences on all 
the parts of e te Clocks may be repreſented 


as follows. 
On all the piy ets) With the dead beat —_ NP 


With recoiling pallets _ 3 
The 


Additional on the 
pivots, its propor- 
ion. 


On curve pallets. 
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vent a recoil, &c. 


IIluſtration. 
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The leaſt poſſible 40 
On the pallets 3 Dead- beat and double Vibration — 92 
Recoiling pallets and double Vibrat. 120% 


182. Having thus conſidered the influences 
of the oil on the pallets, and ſhown that it 
will always be greater (cet. par.) with a recoil 
than dead-beat : I now proceed to enquire ; how 
this influence may be diminiſhed by the conſtruc- 
tion of ordinary pallets. 

183. An, attentive view of Plate 2d may fatis- 
ty us, that the dead beat is chiefly intended zo re- 
move. the reroil and its bad effefs; and that in 
pallets, where friction and the influences of oil 
take place, no advantage, is aquired by increaſing 
the time of reſt. Example: 


184. If the Pendulum vibrate any angle O, 
EK M, the ſlope of the pallet ſhould ſubtend the 


whole of that angle or nearly ſo, as PA: for if 
the ſlope only ſubtends one half of the angle as 
F A, the influences of the oil will be increaſed in 
the proportion that twice F P together with F A 
bear to PA; but PF and F A together, are 
greater than PA; therefore twice P F and F A, 
will be much greater than PA; and conſe- 
quently (168), the friction and influence of the 


Pe EIT — 


— 
has 


It is not meant here to aſſert, that this proportion will uni- 
verſally hold; for it will vary in proportion to the quantity of 
the recoil; but will ever be greater with it than the dead -· beat. 


4 oil, 


c Lo SER WO RK. 
vil, will be increaſed in the ſame proportion, 4% 


thus increafing the time of reſt. 
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18 5. As all Clocks vibrate further when the How long it cult 


oil is clean and fluid, than when it becomes 


dirty and glutinous, we muſt always allow the Arc 


of reſt as PF, to ſubtend an angle equal to the 


oreateſt change that can happen from the different 
ſtates of the oil; nor ſhould any great latitude be 
taken here, ſince Clocks ſhould always be clean- 
ed, when their Vibration is ſenſibly diminiſhed. 

186. Thus it were well that in conſtructing 
pallets, on the principle of the dead-beat, more 
regard was paid to this conſideration; and, that 
the time of reſt, was made no longer than is 
abſolutely neceſſary. | 2% 


187. But we daily ſee, that ſonne increaſe the 


time of reſt, while others increaſe the recoil, each 
with intent to improve the performance : but 
on the whole, increaſing the time of reſt, where 
the influence of oil takes place, inereaſes the evil, 
though not ſo much as an equal increaſe of recoil 
does (182). 

188. It may here probably be urged that the 
influences of the oil on the pallets, muſt always 
be greater with long Vibrations than with ſhort; 
tor P A, is longer than F A ; but if this be generally 
7he caſe, it does not follow, that it muſt remain 
io ; For, | 

189. In equal Vibrations, zho/e influences are 


as the length of the pallets, Sec Plate 3. Fig. 1. 
which 


be. 


Increaſe of recoil, 
or reſt: increa's it. 


PLATE H. 


As the length of 
the pallets. 
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PLATE III. 


Fi09: i 


Pallcts ſhortened, 


Long pallets no 
adyantage, 


; (189). 
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which repreſents the place of action of four pair 
of pallets, whoſelengths are as 1, 2, 3and 4 ; if 
the Arc of reſt, and ſlope, ſubtend the line 
angle in each; as repreſented by the dotted lines, 
it is obvious that the influences of the oil and 


friction, are in each, as the length of the pallets 


from the center of motion to the point of action.“ 
190. Therefore when the Vibration is enlarg- 
ed, the pallets ſhould be ſhortened, and care ſhould 
be taken hover 75 ave rhem longer than what is 
abſolutely neceſſary; for no advantage can be 
thus gained, and ay diſadvantages are obvious 


191. As 2 are of opinion, that a longer pal- 


let will maintain the motion of a Pendulum, with 
leſs power than a ſhorter; I muſt once more 


refer to Plate 3. Fig. 1. where it will appear; 
that what is gained in power by the length of the 
pallet, is loſt by the inclination of tbe plane on 
which this Wheel acts; if it be propoſed to make 
the inclination equal in all the pallets, and there- 


by to acquire an advantage i in proportion to their 


length, let it be remembered that if the power is 
made to act four times as ſerong, it will only con- 
tinue to act one fourth of the time, {o that what 


is gained in power, is loſt in time. On the 
whole, 


* 
2 


2 


And the length of the pallets, c. p. depends on the number 
of tecth which they take in. See Plate 3. Fig. 3. (176). 


192. Since 
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192. Since the power of the ſwing wheel is 
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limited, any attempt to increaſe its effect, bßß 


lengthening the pallets, will be fruitleſs ; for it No power can be 


cannot eſcape the pallets, however ſhort ; before 
it has exerted all its force thereon. Example : 
Every mechanic knows that the exertion of gra- 
vity, on bodies deſcending by inclined planes, is 
always as the perpendicular height, and therefore, 
never attempt to gain power by /engthening the 
plane; the caſe is exactly ſimilar with regard to 
long and ſhort pallets : for if the Wheel be ca- 
pable of exerting a certain force, in a whole re- 
volution, it can exert no more than one ſixtieth 
of that force in a ſixtieth of its revolution; that is, 
during one Vibration.“ i 

193. It may poſlibly be ſaid, that if the 
influence of the oil was ſo great as above Plated, 
its effects on the performonce of Clocks would 
be more ſenſible than they are: To this it is an- 
ſwered ; that if 2 other imperfection took place, 
this effect would become conſiderable ; but 
ſince the friction on the pallets, as well as the 
influence of the oil increaſes as the ſpace which 
the teeth of the Wheel deſcribe on the pallets ; 
while the oil is attenuated by heat, the increaſe 
of friction on the pallets, ariſing from the increaſe 


bo — 


* — 


And the progreſſive motion of the Wheel, in the one caſe, 
may properly be compared to the perpendicular deſcent, in the 
other; each, being the line of direction of the power, by which, 
its exertion muſt always be eſtimated. 


H of 


gained by length- 
ening the pallets, | 


Why its effects 
not more ſenſible 
on the perform- 
ance. 
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tions bear leſs pro- 
portion to the 
cauſes, &c. 
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of Vibration partly compenſates the increaſe of 
power, and preſerves the length of Vibration 


more equal c. p. than if no friction took place, and 


vice ver ſa. 

194. But the effects of friction on the pallets 
can never remedy the influences of the oil, for 
the former is of a more uni form nature, and the 
latter very changeable. 


195. Heat lengthens the Pendulum rod of a 


Chck, and ſo tends to make it go flow ; the 
fame heat makes the oil more fluid; and by thus 
increaſing the action of the ſwing wheel, on the 
pallets," tends to make it go faſter f. 

196. Thus, do' the eſfecis of heat and cold on 
the Pendulum, together with the friction on the 
pallets (193), always counteract, and in many 
caſes overcome, the influence of the oil on the pal- 
lets, &c. (193, 195); and by this means, he 
whole variation in the performance of Clocks, 
bears a leſs proportion ro the whole cauſes, than 
would happen if they did not counteract each 


It is not here meant, to recommend the friction on the pal- 
lets, as a deſireable remedy againſt any imperfection in the per- 
formance: for if it be diminiſhed to ſuch a degree, as to render 
the application of oil unneceſſary, the Vibration will by that 
means, be increaſed ſo as to be leſs influenced by any alteration 
in the tenacity of the oil on the pivots (41, 173, 174). It is 
therefore inſtrumental only, in diminiſhing an evil of which it is 
the cauſe, and which it never can ballance; nor can its ad- 


vantage in any reſpect equal its hurt: as I ſhall ſhew hereafter. 
+ Particularly with recoiling pallets, 
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CLOCK-WORK. 
other ; or if each was taken ſeparately. On THE 


WHOLE IT APPEARS, | 

197. That oil is of a changeable nature, and 
that no perfect remedy can be applied for its ef- 
fects by oppoſition (155 194). 

198. That increaſing the moving power in 


cr 
On Tae par- 
LETS. 
1 29 
. 
RECAPITULA- 
TION, 


Clocks, will diminiſh the relative effect of ſuch 


influence on every part of the movement and 
pallets (162). 


199. That increaſing the quantity of oil will 
render its influence leſs, and more uniform (157). 


200. That the recoiling pallets increaſe the in- 


fluence of the oil and friction on all the pivot, 


as well as on the pallets: but the dead: beat does 
not (180). It ee 

201. Wat the influence and the friction on 
recoiling pallets, (cat. par.) are greater than on 
thoſe conſtructed on the principle of the dead- 
beat (18 1). 


: 


202. That the influence of the oil and fricti- 


on, is leaſt on thoſe pallets, where the recoil, or 


time of reſt, is leaſt (187): Therefore, 
203. That the ſlope (or planes of action) of 


the pallet ſhould nearly ſubtend the whole angle 


of Vibration (184), where friction takes place. 
204. That the influence of the oil is greater 
in pallets whoſe place of action is a curve, than 


thoſe that are ſtraight (18 1). 


H 2 20 5. That 


— — — - 
__ — __ — — 


» wy — 
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THE OIL 


1 
Ui ""—_— . 


RECAPITULAs 
TION. 


IMPROVEMENT OF 
20 5. That the influence increaſes ce. Var. ) 


as the diameter of the ſwing wheel (172) *. 
206. That the influence of the oil, and fricti- 
on increaſes as the length of the pallets (189). 

207. That no advantage is acquired by long 
pallets, dur the contrary ; and therefore they 
ſhould be made as ſhort as circumſtances will al- 
low (191) +. 

208. That the influences of the oil and fric- 
tion may be as much diminiſhed in long as ſhort 


Vibrations (190, 172). 


209. And, that-the friction on the pallets 
counteracts the influences of the oil, but never 
can ballance it (x93, 194). 

210. Thus have I endeavoured to ſhew, how. 
the changes that happen in the fluidity, &c. of the 
oil, do influence the per formance of Clocks ; and 


ed thold far the effect may be diminiſhed wirnour 


MUCH EXPENCE : and if what I have here advanc- 
ed proves any how inſtructive to thoſe who know 
leſs ; or procures a better inveſtigation, from thoſe 
who Know. more of this matter; my end is an- 
ſwered. 


— — — 


Here the friction does not increaſe as the influence of the 
oil; as will appear, when we conſider the nature of the horizon- 
tal wheel and cylinder. 

＋ This rule only applies in pallets, where friction takes place; 
but I ſhall ſhew hereafter, how a conſiderable advantage may be 
gained by lengthening ſuch pallets, as have neither friction nor 
reco 


211. 2 


CLOCK-WORK. 51 
211. I now proceed to enquire into the differ- Mh 
ent methods that have been heretofore uſed, for re ————— 
moving the influences of the oil, — _ 
212. When two hard bodies rub againſt each 
other, there ariſes a reſiſtance which we com- 
monly call friction; and though by experiments 
of ſhort duration, repeated at different times, we fe en accumu- 
find no ſenſible difference in this reſiſtance ; it 
increaſes by continuation 3 ſo as in ſome caſes to 
equal the moving power.— _ 1 
213. If a common Clock be ſet a going with- 
out any oil, it moves pretty freely at beginning : Example. 
in time, loſes its Vibration; and in the end, comes 
to reſt ; and if the rubbing; be conſtant, the times 
in which this will happen, will be ſhortened by 
increaſing the preſſure, - or relative velocities of 
the rubbing ſurfaces . . e ee 
2 5 All ſolid bodies are heated by fr iction, A probable reaſon, 
or attrition of any kind; and the heat thus ge- why. 
nerated is at leaſt in ſome degree, proportioned 
to the force and velocity with which the bodies 
act on each other; nor is it improbable, that zz 


opens the pores of metals or produces ſuch other 


changes in their textures, as to occafion zhis in- 
creaſe of friction; to prevent the pernicious effects 


of which, oil has been applied to Clocks; there- 


— —_ 


* The application of oil will immediately recover the motion 
which tends to prove, that ſuch decreaſe was not ſolely owing to 
ſuch roughneſs of the ſurfaces, as commonly takes place. 


fore 
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INFLUENCES or 


THE O1L 
. 


———— 


Friction pullies. 


Winding up every 
half minute. 


When firſt applied. 


IMPROVEMENT OP 


fore, if friction be removed, by any mechanical 
means, the application of ir will become unne- 
ceſlary, and its influences no longer take place. 
215. Thus have friction pullies been introduc- 
ed, and if materials and execution could be ſup- 
poſed perfect, and no regard paid to expence, zhe 


friflion of the pivots might by their means be 


ſufficiently reduced for common purpoſes ; nor 
would I diſapprove the uſe of them, unleſs a more 
ſimple and effecual remedy could be offered; 
of which more in its place. 

216, The next attempt of removing the in- 
fluences of oil from the pivots, we owe Mr. 
HuGzxs, which contrivance he deſcribes thus in 
his Horologium Oſcillatorium, publiſhed in the year 
16733 © To, that Wheel which is next the 
« Pendulum, and has its teeth cut like a ſaw, we 
hung a/mall weight by a {lender chain, by means 
ce of which, that Wheel alone was mow all the 
66 * reſh of the machine anſwering no other pur- 

poſe than the winding up that ſmall weight 
every half minute.” 

217. Mr. Hugtxs informs us that he app lied 
the above contrivance, to two ſþring-clocks that 
were ſent to ſea in the year 1664, in order to 
diſcover the Longitude ; and that their motion 
was by the above means rendered more uniform 
(at land) than in any. of his former Clocks : he 
gives a full deſcription of them, with an account 


1 of 


c LOG EK-WO RK. 55 
of their ſucceſs, in the above cited book, from Ox Tn: F1vors 
page 16, to 21, to which I refer the curivus. 9 

218. The advantage of this ingenious con- 
trivance is manifeſt in /pring-clocks that are fis uta 
ed at land: for we may thus, have the conve- 
niency of the ſpring (as the firft movet); and the 
more uniform action of gravity for maintaining 
the Vibrations; but we are not to conclude, that 
by this means Clock-work is perfected. 

219. I have already ſhewn (174) that the 
leaſt poſſible proportion that the influence of the 
oil an the pallets, bears to the influence on all rhe 


by 4 


pivots, in an eight-day Clock, (thoſe of ſwing 


wheels excepted) is as 200 to 1. 'Therefore, this Its utmoſt effect. 

contrivance, can only remove a 200th part of 

the whole influence of the oil in an eight-day 

Clock *. | | | 
Tn ee eee, eee 

vantage is acquired by removing the irregula- 

rities of action in the Wheels; without confi- 

dering that this little weight muſt be wound up 

every half minute; and that the ſwing wheel 

muſt as oft unlock the part which winds it: 

thus, there ariſes a periodical inequality in the 

action of the {wing wheel on the pallets, which 

is no more innocent than the periodical fluctua- 

tions in the action of Wheels and pinions, as ſhall 


— 


See the note to par. (176): by which it appears, that the 
influence of the oil on the pallets, and the pivots of the ſwing 


wheel together; is 466 times as great as on all the other pivots 
in an eight- day Clock, though here, ſtated only at 200. 
be 
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THE OIL. 


REESE ANTS 


Concluſion rela- 
tive to its uſes in 


ſtanding Clocks, 


The contrivance 
ingenious. 


Nat ſo advanta- 
geous in portable 
machines as above 
ſtated. 


IMPROVEMENT OF 


be further ſhewn hereafter. ON THE WHOLE IT 
APPEARS, 

221. That even in fixed Clocks, this contri- 
vance ſerves only to take off the imperfections of 
the main ſpring /o as to render the action on the 


pallets as uniform as in Checks wherein gravity is 


the firſt mover ; and to remove a 200th part of 
the influence of the oil on the whole movement 
(174) | 

222. I would not be underſtood by this in- 
quiry, to depreciate an invention that indicates 
as much genius as ſome others of more utility ; 
nor wantonly to detract from the merits of a per- 


ſon to whom Clocks owe their greateſt improve- 


ment ; 1 have ever preferred demonſtration, to 
opinion, nor is the leaſt diſreſpect meant, where- 
ever the former is oppoſed to the latter. 

223. When treat of Watches, it will appear 
that the advantages of the above contrivance can- 
not be ſo great in any PoxTaBLE MAcniNs as 
above tated ; and that it is more than probable, 
it hurts the performance; but let us now ſuppoſe, 
that it has all the deſired effect, and that the in- 
fluences of the oil on all the pivots be totally re- 
medied ; the influence on the pallets ſtill remains; 


and conſequently — only of the whole influence 
on the Clock is removed (181) *, 


— 


„ 


What is admitted at the cloſe of this paragraph, is intirely 

for the ſake of illuſtration; for this contrivance has no tendency to 

remove or diminiſh the influence of the oil on the ſwing wheel 
pivots, therefore its utmoſt advantage is ſtated 221. 


224. It 


C LOL REV OR. 
224. If any attempts have been made by the 


mechanics of the laſt age, towards removing the 


influence of the oil from the pallets, I am unac- 
quainted with them; and though many have 
been made by thoſe of the preſent, it does not ap- 
pear that they have been attended with all the 
wiſhed for effect; for it is neceſſary, not only to 
remove the influences of the oil; but that no other 
cauſe be introduced that can be productive of fimi- 
lar effetts. | 7 IL 
225. I have ſeen pallets of a very ingenious 
conſtruction, with Mr. 7ohn Harriſon of Red- 
Lion-Square, and with Mr. Hindley of York ; 


in each of which, the friction and influences of 


37 


ON THE PAIL- 
LETS, DIM1- 
NISHED, 
— H — 


Introduction. 


Pallets by Meſſrs. 
HARRISON and 
 HiNnDLEY. 


the oil were almoſt annihilated ; but it I miſtake 


not, in removing theſe, other imper fectious have 
been introduced; which, however ſhort of the 
former, merit ſerious attention. 

226. The contrivances uſed by each of thoſe 
gentlemen, /o well known. for their mechanical 
abilities, were much of the ſame nature; nor did 
they differ materially in principle in any article 
that I could ſee ; but Mr. Harriſon informed me; 
<« thatin his regulator, the action of the Wheel 
© on the Pendulum was the ſame with the action 
of gravity thereon * : nor do I in the leaft 


By which I underſtood, that the action of the ſwing wheel 
on the pallets, increaſed and diminiſhed in every part of the Vi- 
bration, in the very ſame manner that the action of gravity did 
on the Pendulum- ball; i. e. that the action was in every part, 
as the verſed ſine of the angle contained between the center of 
oſcillation of the Pendulum, and its point of reſt. 


Much of the ſame 
principle. 


doubt 


INFLUENCES OF 
THE OIL DIMI- 
NISHED, 
a 


i 


Articles that are 


common to both. 


IMPROVEMENT OF 
doubt the affertion, though I have never ſeen, 
thoſe pallets ; but catmot conceive what real im- 
provement can follow ; however, to the beſt of 
my remembrance, no ſuch attempt was made in 
Mr. Hindley's, but the following articles were com- 

mon to both their pallets, that I did ſee *. 
227. Firſt, That the teeth of the Wheel, do 
not rub on the pallets, but continue to act (or 


pteſs) on 7hem alternately during their reſpective 


Vibrations, 


A * % . * . P 1 T of ® 1 4 » 4 . 


* 1 


* We are informed in the Phil. Tranſ. Vol. XLVII. pag. 517. 
and in the Supplement to Mr. HixTox's Dict. of Arts, &c. 
(SeePzxnDeLvm), © that this manner of applying the action of the 
**© Wheels to the Pendulum, prevents its being affected by the 
different reſiſtance of the air :” BuT I cannot imagine, that ſo ill- 
grounded an aſſertion, was thus publicly made with Mr. HARRI- 
sov's conſent : when it requires but a few minutes reaſoning, to 

rove, that ſuch an application of the maintaining power, muſt 
hurtful to the performance of the Clock, by increaſing the 
effects, which, any alteration in the denſity of the air, would 


_ otherwiſe have on the meaſure of time. 


Does not any increa/e of denſity (or reſiſtance) in the air di- 
miniſh the angle of Vibration? and conſequently ; this accele- 
rating effect on the pallets (note 226); how then can the latter 
ballance the former, when the one increaſes as the other dimi- 
niſhes ? And, admitting that this accelerating effect, did increaſe 
and diminiſh with, the Jetifity of the air, its effect on the meaſure 
of time, would be no better than above ſtated: unleſs we ſup- 
poſe, that the time of aſcent of a Pendulum, as well as the time 
of its deſcent, is increaſed by the reſiſtance of the air: But Sir 
Isaac NewrTon informs us, That the time of aſcent is ſhortened, 
and the time of deſcent, lengthened by ſuch reſiſtance : nor is it 
difficult, (if it was neceſſary) to confirm his aſſertion by experi- 
ment: but of theſe matters more in their proper place. 


228. Se- 


CLOCEK-WORK. 


228. Secondly, That the oye pallet cannot 
diſengage itſelf from the Wheel, till the orher be- 
gins to act, ſo as to cauſe a recoil, or retrograde 
motion of the Wheel; which was much more 
conſiderable in thoſe ſcapements, than in com- 
mon ones. h 

229. Thirdly, That during the progreſſive 
motion of the Wheel, a flender ſpring is bent, 
that diſengages the pallet from the Wheel, / ſoon 
as the recoil begins. Cd x7 

230. Fourthly, That when the pallet is thus 
thrown from the Wheel, it is received by au 
ther ſpring, the office of which, is to keep it in 
a certain poſition, in which the teeth of the 
Wheel may always find it. a, 

231. Fifthly, That during the retrograde 
motion of the M heel, thoſe laſt mentioned ſprings 
are bent, by which means they oppoſe the aſcent 
of the Pendulum, and by their unbending, pro- 
mote its deſcent. GT 5 

232. The concluſion concerning thoſe pallets. 
nuſt be deferred, till the eſtect of a RECOIL in gene- 
ral is explained; to which I now proceed. _. 

233. I have formerly obſerved; that the 
DEAD-BEAT Was invented to remove the bad ef- 
fects of @ recoil (183); and fbewn ; that the in- 
fluences of the oil and friction, is greater on pal- 
lets that have a recoil, than on thoſe that have 


none (182): I now enquire into the comparative 
SR advan- 


/ 
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Id rRopue to 

TO A RECOIE 1N 

GENERAL. 
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Concluſion de- 
ferred, 
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All pallets reduci- 
ble totwo CLASSES, 


Genera! uſes of 
the maintaining 


power. 


Uſed by ſome to 
render the Vibra- 
tions more iſochro- 
nal. 


FLATE © 


IMPROVEMENT OP 


advantages of the DrAD-BBAT and RECOIL, when 
neither friction, nor influence of the oil take place. 

234. All pallets whatever, muſt have ſome 
recoil, or no recoil : if the former; they take 
their name from thence : it he latter; they 
belong to the DrAb-BEZAT: and thus may all 
pallets be reduced to Two CLASSES : and what I 
am now to obſerve of thoſe two kinds of pallets, will 
apply wrraouT EXCEPTION, in all the variety of 
conſtructions that can poſſibly be invented; ſince 
it wholly depends on the quantity of recoil, inde- 
pendent of all other circumſtances. x 

235. The action of the Wheels, in all Clocks, 
ſerves to maintain the Vibrations; and their 
revolutions, give the number of Vibrations; theſe 
are ends, which the maintaining power muſt 
anſwer in all Clocks ; but ſome have attempted 
to render the Vibrations more iſochronal, by 
giving a recoil ; and thus making the action of 
the Wheels oppoſe the aſcent of the Pendulum 
at the extremity of its Vibration ; and they ſeem 
to prefer this oppoſition of the Wheels, to the 
more unalterable oppoſition of gravity ; becauſe 
the former increaſes and diminiſhes as the main- 
taining power ; and conſequently, oppoſes the 
aſcent moſt, when it has the greateſt tendency to 
enlarge its limits: but hi imaginary advantage 
vaniſhes, when we conſider, That; 

236. When the tooth C, Plate 2. is diſen- 
gaged from the pallet C D, the tooth M, will 

drop 


* 


— * 
1 0 I fig + A "as 9 3 * * a © ry 
b * We 8 al ag 94 * j - 1 9 * 32 
„ . bh \ 0/35 *%%g IN DRE Ru Awe 2 w > " >. Jo . EI. 3 2 at 
A8. A * 4 „ 8 132 N a "Ns 8 * ** 
. 1 1 N "ON ; N = 3 * Aa FOE 2 * : 


Nh or Wha > >. 


+ NS 


CLOCK-WORK. 
drop on the pallet H A at F, and as the Pendu- 


lum continues its progreſs, the Wheel will have 


a retrograde motion on the pallet ; ſuppoſe, from 
F to O; it is obvious that the Wheel u pro- 


mote the deſcent and lengthen the next aſcent by 


its motion from O to F; as much as it oppoſed 
and contracted the aſcent by its motion from F 
to O; and thus, he action from O to F, and 


the reſiſtance from F to O, do exactly ballance 
each other, ſo far as relates to the length of Vi- 


bration; And therefore, 
237. A. RECOIL can have no tendency whatever, 


70 render the length of the Vibrations, more or leſs 


equal ; nor to maintain the motion. 


238. It is well known that any increaſe inthe 
power of gravity, accelerates the motion of a 
Pendulum, and ſhortens its time of Vibration 
and that the times of - aſcent and deſcent, are 


equally contracted by this increaſe of gravity 


(17). Hence we may with truth infer, Har 


whatever oppoſes the aſcent of a Pendulum, ſhor- 


tens its time of Vibration as much as if it had 


promoted the deſcent. Therefore, any power that 


both oppoſes the aſcent, and promotes the deſcent 


8 
ä 
"II 


_ — —— 


_—_—_— W— 


* The effect of friction on the pallets will be conſidered fully 
hereafter, and ſhewn to be very hurtful to the performance, even 
though it has a tendency to preſerve the Vibrations more nearly 
of an equal length, | 

of 
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Can bave no ten- 
dency to limit the 
Vibration. 


Nor to maintain 
the motion, 


Effect of gravity - 
conſidered. 7 
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Or a xxeon. w of a Pendulum; muſt produce a double effect 


8 


GEN BAS. 
3 


Recoil has a two- 
fold effect on the 


times. 


Space deſcribed as 


the impreſſed force. tain 


on its times of Vibration *. 

239. And thus it appears that any change, 
in the action of the Wheels, during the time of 
recoil, will have a double effect in altering the 
natural times of Vibration (238), without the 
leaft tendency to render the length thereof more 
equal (2370) . 

240. If a certain impreſſed force, give a cer- 

tain velocity, a double force, will give a double 
velocity; a triple force, a triple velocity, &c. and 
the ſpaces deſcribed in equal times, will be as the 


reſpective velocities: zhat is, as the reſpective 


Impropriety of too 


much limiti 
Vibration. * 


the 


forces impreſſed. 
241. Thus if the impreſſed force and vehcity 
of a Feudulum be doubled, and the length of Vi- 


—_— _ —— T;»—knC᷑ ¶ ͤ⁰ ] ts... 


* Here it is to be obſerved ; that any power co-operating with 
gravity, contracts; and the ſame power oppoſed to it, prolongs, 
the times of Vibration. Hence whatever power, acts during 
the time of aſcent, and promotes it; or oppotes the deſcent, will 
prolong; the times; and this ſhould be carefully attended to: for 
on this principle, the maintaining power may be applied, in 
ſuch manner as either to prolong or contract the natural times of 
Vibration. 

+ If it ſhould be urged that the recoil may render the times of 
Vibrations of different lengths more iſochronal, without having 
any tendency to limit their lengths; the mode and quantity of 
recoil ſhould be inveſtigated with as great accuracy as the cy- 
cloidal properties; in which caſe it will altogether be unneceſſary 

and improper to apply the cycloidal cheeks; nor can ſuch an in- 
veſtigation as above mentioned, be made, before each ſeparate 
effect that the application of a Clock has on the Pendulum, are 


accurately aſcertained ; and even then, it is liable to all the 


ſame objections with the cycloidal Vibrations; of which in their 
Place. 


1 bration 


CLOCK-WORK, 
bration remains the ſame, the number of Vi- 
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grations will be doubled; but if the length of 


Vibrations be al/o doubled, they will be perform- 
ed in the fame times, as thoſe of half their length 


with half the velocity; and univerſally ; if the 


length of Vibration increaſes, as the impreſſed 


force, the times will be equal; and on this ac- 
count it would be very improper to give a recoil, 
on the ſuppoſition that it did render all the Vi- 
brations more nearly of an equal length *. 

242. It may poſſibly be urged by ſome, that 
the reſiſtance is greater at the extremities of cy- 
cloidal, than circular Arcs ; and therefore, that 


Difference in the 
theory of detached, 
and Clock-pendu- 
lums. 


no error can ariſe by thus increaſing the reſiſtance 


at the extremities of Vibrations in circular Arcs: 


but let me beg of thoſe to recollect; that al the 


demonſtrations concerning cycloidal Vibrations ; 
ſuppoſe, that the action on the Pendulum in its 
deſcent, is exactly equal to the oppoſition with 


which it meets in its aſcent; which is not the 


caſe in Clock-pendulums ; for the velocity in 
their deſcent, is greater than in their aſcent : 
and that more, or leſs, in proportion to the 
length of Vibration; even beyond what happens 
in detached Pendulums. Tv" 


— * * 


The ſame objection, with many others, ſtand in the way 
of correcting the length of Vibration, by an increaſe of friction. 
See (259, 260), 


243. And 
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GENERAL. 
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Properties of the 
cycloid cannot 
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243. And though certain properties have 
been demonſtrated of the cycloid ; it does not 
follow, thatevery curve that deviates from a circle 
poſleſſes thoſe properties, even when gravity alone 
acts : and much leſs, when any foreign power 
is applied ; zherefore, the cycloidal properties in 


with any propriety detached Pendulums vibrating in a non-reſiſting 


recommend a re- 
coil. 


When too great 
in circular Vibra- 
tions. 


Never to be ad- 
mitted in cycloidal 
Vibrations. 


medium; can by no means recommend a re- 

coil, with thoſe applied to Clocks. 
244. On the | whole; we may be well aſſured, 

that in all caſes where an increaſe of weight or 


maintaining power, makes a Clock go faſter; 


the recoil is too great: nor can it be ſuppoſed, 


that any, Who have art enough ro make the center 
of 'ofcillationi ef a Pendulum deſcribe the true cv- 


crop curve, and faith enough in 1Ts properties 


would think of giving a recoil, to correct he 


Vibrations that are (by their choury already per- 


ect ; from which appears the abſurdity of apply- 


ing cycloidal checks with a recoil : but of this 


more hereaf ter. 


* * — 


* As the recoilis intended toco-operate with the action of gra- 


vity on the Pendulum, in ſuch manner as to render its motive 


force in every part of the Vibration, as the diſtance from the 
loweſt point; the mode and quantity of ſuch recoil muſt be de- 


monſtrated with the ſame certainty, at leaſt, as that of the cy- 


cloid : and I imagine that hi5 will be much more difficult than 
tbat; not to mention the much greater difficulties of execution 
in the latter, and the uncertainty, relative to the theory of the 
former when applied to Clocks. 


245. 1 


C LO C EK-W O NX. K. 


245. J now reſume the confideration of thoſe Or fou mw 


PALLETS wherein the friction and influences of the 


ail have been removed; the reader will pleaſe here 


to peruſe from Par. (227 to 232). 
246. Let us here admit, that the action of the 


ſwing wheel is as uniform as gravity ; it has at 


each Vibration ot only to maintain the motion of 


the Pendulum, but alſo to bend a ſmall ſpring 
(229) ; therefore, whatever -power is nec 
to bend this ſpring, muſt be deducted from the 
maintaining power : and as all ſprings alter their 
ſtiffneſs by heat and cold ; zhat part of the ac- 
tion of the ſwing wheel, that maintains the Vi- 
bration, can no longer be uniform, than the 
air is of the ſame temperature: and thus, will the 
length of Vibration be altered, and the accelera- 
ting eſfects of the recoil take place (239), and alter 
the times of Vibration even ſuppoſing the cy- 
cloidal properties perfect, and the denſity of the 
air invariable. 

247. Again; becauſe thoſe ſprings that are bent 
during the recoil (231), are liable to the ſame 
changes; they will produce the /ame effef?, with 
an equal change in the maintaining power during 
the recoil (239). And, | 
248. However trifling thoſe articles may at 
firſt appear, they become of more weight, when 
we conſider ; that they operate in that very part 
of the Clock where they produce the greateſt poſ- 
fibls effect, on the meaſure of time; and that 


thoſe 
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Suppoſition. 


Render the moſt 
perfect maintaing 
power unequal. 


Another defect. 


Further conkdera- 
tions, 
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thoſe ſprings are ſo ſmall, as to be affeted by the 
leaft changes in the temperature of the air; nor 


can thoſe effects be thoroughly remedied by a 


gridiron, or any other Pendulum, ſince they 


feel ſuch ſmall c s, as cannot fenfibly affect 
ſuch thicker pieces of metal; add to this, that 
an alteration of one 86, 400 part ef the time of 
each Vibration, will amount to an error of one 


ſecond per day; a 604,800 part, in the time of 


Vibration, to a ſæcond per week; and a 2,592,000 
part, to an error of one ſecond per month. 

249. As to the property mentioned in Par. 
(2265 it does not appear to me that any advan- 
tage is gained by it in maintaining the motion 
of a Pendulum: See Sir Is aac NewrTon's IId 
law of motion, where he ſays, © It any force. 
generates a motion, a double force, will ge- 
« nerate double the motion; a triple force, 


triple the motion; whether that force be im- 


e preſſed altogether and at once, or gradually 


c and ſucceſſtvely” (237). And ſo far as regards 
the meaſure of time, it is hurtful ; as will ap- 
pear hereafter.* | 

250. And as to the iſochroniſm of the Vi- 
bration, when the dead-beat is applied; I fhall 
hereafter ſhew in what caſes, it is beft to apply the 


— 


It may be proper however, here to obſerve, that this method 
is preferable to others, wherein the recoil (being undetermined) 


may bear a greater proportion to the angle of Vibration. 
I main- 
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maintaining power, gradually and ſucceſively; Porters wren- 


and in which, it may more advantageouſly bs — 

applied nearly at ace; leaving thoſe who better 

conceive the advantages of a recoil to give a like 

inveſtigation when it is uſed. 
251. I would not be underſtood to depreciate, General remarks 

or totally diſapprove this ingenious invention: A* — 

or to aſſert, that no good performance can be 

obtained when theſe pallets are applied; on the 

contrary, I think them to any that I 

have yet ſeen wherein the influence of the oil takes 

place; but a proper regard mult here be paid to 

aohat has been ſaid concerning the ter of 

the influence of the oil (294); whatever be the 

cauſe of any change in the maintaining power, 

the mo on the 95 vi of time, will be (cet. 

par.) as ſuch change, to the whole power ; this 

argues for great maintaining power and long Vi- 

brations. 

252. Fit is proved; that the uſe of ſprings Inconveniences 

in pallets =I- the ect of the moſt perfect ＋ 1 

maintaining power umegual (246, 247); that a 

recoil, increaſes the effect of any ſuch change 

(239); and that any alteration in ods Stiffneſs of 

thoſe Frings that act during the recoil, co- 

operates with the action of the wheels during 


ſuch recoil, in altering the times of Vibration 
_ 


of natural ly follows; that 8 ſmall Concluſion. 
hs Seel of thoſe IMPERFECTIONS, the per for- 


K 2 mnmuance 
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mance of Clocks will be improved, by totally re- 
moving them (248). 

254. If I have here pointed the way, to fur- 
ther improvement, my end is obtained ; and 
when it is conſidered, that I propoſe hereafter to 
remove every imperfection ſo 2 as the nature 


of things will permit; and conſequently, that 


every difficulty and imperfection that I now men- 
tion, do in r Ay caſe, become ſo many weapons 
againſt me; candour will allow, that no other 
motive; than a real deſire of improvement could 


have induced me to this examination. 


Tntroduftion | 255. Having pointed out the diſadvantages 
of a recoil, and obſerved that the dead-beat was 
invented to remove them, it may be thought ſu- 

o 9miT a | . 
perfluous to ſay any thing more on that head; 


A * 
4 


General remarks. 


22356. As the imper feftions and properties of all 


objefts, become the more obvious of being viewed 
in different lights ; I hall now endeavour to ſhew 
the advantages of the DEAD-BEAT, in a manner 
different from what I have hitherto done; by 
which it will appear, that 1Ts comparative ad- 
vantages, to the RECOILING principle, are greater 
than I have hitherto ſtated them. 

257. When a Pendulum is actuated by the 
power of gravity only, it riſes to the ſame height 
from whence it fell; allowing for the reſiſtances 
of the air, &c. Therefore, if the action of the 
Wheels in the deſcent of a Pendulum be equal to 


the 
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the reſiſtances in the deſcent and aſcent together . fufuntfr Kons. 
the former will at each Vibration, communicate ozzeo. 
as much motion as the latter deſtroys. 5 

258. And the velocity and length of Vibra- Vibrations con- 
tion, will continue uniformly the ſame while this binue equal, &c, 
equilibrium is preſerved. But, 

259. If the maintaining power be any how in- 8 
creaſed or diminiſbed, ſo will the Vibration; till power. 
the reſiſtances of the air, &c. equal the maintain- As does the velo- 
ing power; and the velocity of the deſcent, will * o defcen.— 
increaſe with the power (257) .. Therefore, 

260. The deſcents in the longer Vibrations, Deſcents quicker 


than the aſcents in 


will be comparatively quicker than thoſe of the Clock-pendulums. 


ſhorter (240), in this caſe, than in detached Pen- 


ulums +. 12:17 gvornort o7 b51ogvn _ 

261. And ſince the Pendulum in its aſeent is Same be nnd in 
not any how connected with the action of the in detached ones, 
Wheels (as with a recoil) it will aſcend agreeable © 
to the laws of detached Pendulums; in which 
caſe, Mr. Hucens has demonſtrated that..29.of- 
the longeſt Vibrations, are equal in time, to 34 


? 


EE — — — * 


* But if we ſuppoſe the maintaining power apphied in the time 
of aſcent of the Pendulum; it leaves room for ſome excep- 
tions. But as thoſe matters are fully explained where I treat 
of watch 2 I leave the application here as no improper 

exerciſe for the reader's genius and attention; as ſufficient 
data are already furniſhed for the inveſtigation. 

+ This, among many other circumſtances, is entirely over- 
looked when cycloidal cheeks are applied, | c 

© 
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the time of a whole 
Vibration leſs, than 
in detached pendu- 
lums. 


Dead-· beat dimi- 
niſhes the effect of 
any change, &c. 


{cent taken 
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of 22 ſhorteſt, of the ſame Pendulum, indepen- 
dent of the re of the air. 

262. Now ſince in Clocks with a pz ap-zz ar, 
the lerne is quicker (260), and the aſcent is flower 
(10) in the longer than on the ſhorter Vibrations ; 
the alterations in the time of an aſcent and de- 
„will bear a leſs proportion 
to the change in the length of Vibration, than 


in detached Pendulums ; where the times of 
aſcent and deſcent increaſe or diminiſh ragetber +. 


263. And thus, does the dead-beat diminiſh 
the natural effet# of any change that may happen 
in the length of circular Vibrations; whether oc- 
caſioned by an alteration in the moving power, 


or in the denſity. of the air: 


264. In all that has been ſaid {from Par. 233) 
neitber friction, nor the influences of the ail, are 
if in the leaſt degree to take place; and 
therefore, the lefs they do, the better will the 
theory and practice agree ; ; T have already ſhewn 
.(x 84), that in pallets where he fie of the 
dil takes place, ſuch influence is increaſed by 
increaſing the time of reſt. 


6 6 — 


JN k may here ae be ſaid, that in pallets where friction 
takes place; the natural times of Vibration, (during the reſt of 
thewheel) vill be influenced thereby: but we muſt not forget, that 


ſuch friction, appoſes both aſcent and deſcent equally and thence 


corrects itſelf (238); ſo far as uniform friction only, is conſidered. 
＋ On this account, the cycloidal curve as hitherto inveſtigated 


Fannot have the deſired effect on Clock - pendulums: with, or 
without, a recoil. 


265, And 


ral 


A 


CLOCK-WORK. 
26. Anda Ih (185) that the "ſlope, or place  P24v-22ar. 


41% 


1. 


of action in ſueh he ſhould, as nearly as can Maintaining 
be, ſubtend the whole angle of Vibration; which 8 
implies, that the maintaining power ſhould be 

applied gradually and fucceſſioely, and this may 
ſerve as a general rule, in all Pallets where oit is 
uſed *. 

gr 66. But the contrary ſhould be obſerved, of Applied at once; 
ſuch pallets as have neither friction nor influence of 
the oil, ? daring the time of ret; tor by this means, 


the influences of the oil, during rhe Nome © o action, 
will be diminiſhed . 


267. Where the maintaining 8 is perfect- May be applied in 
ly invariable, and where the i iſoc roniſm of . 


— 


— —„— 


*I ſhall ſhew W that When the influence of the oil 
on the pallets is removed; the effect of any alteration in the 
maintaining power, on the meafure of time, will be (c. p.) as 
the time of action on the pallets to the whole time of Vibration; 
but this will not apply where oil is ufed' to the pallets. 

+ In allpallets where the action of the Wheel is ſuſpended du- 
ring part of the time of Vibration; and where the maintaining 
power is not perfectly invariable ; the performance will be im- 
proved by applying the action of the Wheel, in ſuch manner 
that one half its exertion take place in the deſcent, and the 
other in the aſcent of the Pendulum; for without particu- 
lar regard to this, the Vibrations of Clock-pendulums, whe- 
ther circular or cycloidal, can never have their natural proper- 
ties (238). This matter will be fully explained and exemplified, 
when I treat of Watch pallets, (where a ſtrict attention to it, 
becomes more neceſſary); only obſerving, that what is there faid 


of the action of the ballance-fpring, ; is here to be applied to the 


action of gravity on the Pendulum. It will alſo appear why it 


is more advantageous to apply the action of the Wheels to the 
Pendulum in its aſcent than deſcent. 
Pendu- 
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Pendulum is neither influenced by friction nor 
the changes in the oil; it? matters not, whether it 
be applied all at once, or gradually ;. I do not 


here mean, that in ſuch caſe, the manner of 


applying the maintaining power will not alter 
the whole time of each Vibration; nor do I pay 
any regard to ſuch effect, provided it be uniformly 
the ſame in each ſucceeding one: for ſuch uniform 
efect, is corrected by the length of the Pendulum. 

268. It may probably be alledged, that more 
is here advanced in favour of the DEA D—-BE Ar, 
than agrees with the general comparative obſer- 
vations on the performance of Clocks conſtructed 


on the principles of the dead-beat and recoil : 


No fair compara- 
tive trial yet made 
of the dead-beat 
and recoil, 


Maintaining 
power greater with 
the recoil than 

the dead-beat. | 


Vibration longer 


with the recoil. 


Recoiling pallets © 
Mortæ, &c. 


but wok VRR recollects what has been ſaid, con- 


cerning the maintaining power (164), length of 


Vibration (41), and length of pallets (189) ; will 
probably agree with me, that no fair compara- 
tive trial has yet been made of the principles of the 


7 ecoil and dead-beat . 


269. Is not the maintaining power always 
much greater in common Clocks with recoiling pal- 
Jets, than in the fine/t regulators with a DEAD-BEAT? 
frequently as 3, 4, or 5 to 1 ? 

270. Is not the Vibration always much longer 


in thoſe common Clocks; than in zhe/e conſtruct- 


ed with the dead-beat ? And 


271. Are not the pallets always much longer 
with the dead-beat than the recoil ? all which, 


ARTICLES OF THE GREATEST IMPORTANCE, have 


hitherto 


41 
Bos 
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hitherto (it would appear) been accidental conco—-— Pran-nram., 
mitants of the recoiling pallets; and every advan- 
tage ariſing from HRM, been imputed to the re- 
coil? whereas, all the imperfections ariſing from 
a contrary practice have as erroneouſly being im- 
puted to the dead-beat. Thus it appears; that, 
272. No comparative trial can be deciſive, In what caſes the 


| * . 8 - advant f th | 
— wnleſs where the maintaining power, length of Vi- dead. beat ill be. | 
x bration and pallets, are equal in each Clock “: in comecvident, ſl 


which caſe, the ſuperiority of the deaW-bear, will 
4 becomeevident : Anu d 
4 273. If the greater numbery and moſt emi- | | 

nent of the profeſſion, havetruſed longer pal- 


— — 1 * 


. - 
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E ox mn mor —% ew — — G — — 
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W 


lets with the DEAD-BEAr, chan the xHCOHH they bl 
can beſt aſſign reaſons for ſo doing; for none 1 


occur to me: nor does, the propriety of imitat 
ing precedents, in which neither theory nor pra 
tice ſeem to promiſe any real improvement. 
274. FROM ALL THAT HAS BEN SA1D relative 
to PALLETS, the following general rules may be 
collected. en: 4 0 ROD: eat 
That the recoil in pallets, increaſes the effef? of Recariour a- 
any change that may happen in the maintaining 
Power; whether friction and the influence of the 
oil, bo; or DO NOT ; take place (258). © 
That his effect, always increaſes as twice the 
recoil (238). | 


— — DER . ro ww + 


* 
. —— ES — on 2 = - = — AA =... —— 


>a. * 8 * d L * 
4 — * 4 * (2 + : 4 . * 
"7 pl * . —— Iv . 1 12 _ *%* FE * * % , 
TR He IO BETTE ON EE of 0s, Rr 12 ; 
*% 7 ww 


— * — 
— —— — — 


3 ͤ — mm EZ oe SM. BT IEF POET” SEE eG 8 
of ; ” —__ — — 


"> 7 PPP I— 2 — Ls voto Aa — 88 _ 
2 4 4 s 2 5 . * *% v4 on . r 4 E 
* > # © + 5 — 's W pM 


. 


— a x [8 
As repreſented in Plate 3. Fig 2. 8 op 
L That 


— 


74 


Br 


Compared with 
the recoil, 


DEAD-BEAT. 
3 


IMPROVEMENT OF 


That the friction and influences of the oil, do 
alſo increaſe (cæt. par.) as twice the recoil (178); 
and conſequently, 

That it is advantageous in all caſes to diminiſh 
tbe recoil as much as poſſible. 

That the dead-beat diminiſhes the alteration 
that would naturally happen in the time of Vi- 
bration of a ne Pendulum, from any change 
in the length of ſuch Vibration (262). 

That he influence of the oil and friction, is 
always leſs on the dead-beat, than on the recoil ; 
all other circumſtances being alike (181). 

That the recoil can have no tendency to keep the 
2 ibrations of more equal length (237). There- 
OTC, 

That in all caſes whatſrever, the DEAD-BEAT 
js preferable to the ReEcoit ; And that 

The uſe of ſprings in pallets, tend to vary the 


maintaining power (246); and alſo, 058 the 


effeft of A rECOIL (247); and therefore, never to 
be 1 

275. Having thus ſhewn ; that the dead- beat 
diminiſhes the natural eſfect of any change in the 
length of Vibration; when neither friction, nor 
the influence of oil take place during the time of 
reſt : I now come to ſhew the manner of con- 
ſtructing pallets, wherein zhe PRACTICE will agree 
with the rhEORY: and as a ſuperficial view of 
thoſe matters, may leave ſome doubt, whether 
a diminution of friction on the pallets, may not be 


hurtful 


2 * i 
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ROVED. 


hurtful to the performance: that matter ſhall be Patters mu 


conſidered in the notes“. 


276. Plate 4. repreſents the conſtruction of New Pallets, 


ſuch pallets ; Fig. 1. is a front view of the pal- 
lets and the ſwing wheel : the pallets A, B, C, 
have their planes of action, conſtructed as in com- 
mon pallets : (See Plates 2d and 3d); they are 
ſcrewed to a hollow braſs cylinder O P, which 


LEY i — . 


* 


2 


There are two means, by which the length of Vibration in 
Clocks may be altered, independent of the denſity of the air: 
and the effect which the friction on the pallets will haveon the per- 
formance, will in ſome meaſure depend, on which cauſe, affects. 

Firſt, The length of Vibration may be altered in Clocks, by 
altering the weight that maintains the motion; and in this caſe, 
the friction (or total reſiſtance) on the pallets, c. p. increaſes, as 
the angle of Vibration: on which account the length of Vibra- 
tion, will not bear ſo great a proportion to the weight applied, as 
if no ſuch friction took place. But admitting, that the frictio! 
in ſuch caſe, does diminiſh the effect of any alteration in the 
maintaining power: as an alteration of the above kind, can never: 
happen by accident : and as every ſuch increaſe of the maintain- 
ing power, muſt be made with intent to enlarge the Vibration? 
it follows: that the friction on the pallets muſt, in ſuch caſe, be 
hurtful, as tending to diminiſh the defired effect. 

Secondly, admitting the weight that is applied to a Clock, to 
remain invariably the ſame, its effect in lengthening the Vibra- 
tion, will be increaſed or diminiſhed according to the fluidity, &c, 
of the oil; which is conſtantly n., according to the de- 
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277. dd and ee, are detents, that move 
concentric to the braſs cylinder, on ſmall axles 
within the cavity thereof, (Sec Fig, 2.) and ſuſpend 
the Wheel fo as to allow the Pendulum to move 
without friction, or influence of the oil, on 
either pallets or pivots during the whole time of 
reſt. 

278. Thus; when the tooth i, eſcapes the pal- 
let A, the tooth k, drops on the detent e, and is 


ſuſpended, 


. 5 


gree of heat and cold to which it is expoſed. And the effect of 
the oil applied to the pallets, in lengthening and ſhortening the 
Vibrations, has already been ſhewn to bear, to that, on all the 
pivots, at a mean; the proportion of 80, to 1, (176). There- 
tore it appears; that in this caſe, by removing the friction, and 


the influences of the oil on the pallets, we diminiſh the altera- 


tions that are ſo frequently occaſioned in the length of Vibra- 
tion, by the influences of heat and cold on the oil, to one 
eightieth of what they are, where friction takes place: and this 
becomes the more deſerving of attention, that there ſeems no 
other means of removing thts evil. 

It is alſo to be remembered : that as this friction on the pallets 
diminiſhes the effect of the maintaining power, in enlarging the 
Vibration (whether long or ſhort) it muſt, on that account alſo, 
be hurtful to the performance (41, 46, 47). Add to this; that 
it tends to correct ſuch alterations, as happen in the length of Vi- 
bration, owing to the different denſities of the air, more than it 
does thoſe ariſing from any other cauſe whatever; and this is 
hurtful to the meaſure of time, as ſhall be ſhewn hereafter ; when 
the different means, by which any alteration in the denſity of the 
air do affect the times of Vibration, are conſidered. From each, 
and all, of the above conſiderations it appears; That the friction 


on Clock: pallets can in no reſpect mend the performance of 


Clocks; but on the contrary, does by its unavoidable conſe- 


quences, give riſe to ſome of the greateſt cauſes of error, that 


take plac? in Clocks; and thofe, incurable by any other means 


than the removal of ſuch friction on the pallets (155). 
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ſuſpended, while the pallet C, proceeds towards PI rt - 


PROVED. 


n) the bottom of the tooth, and returns, (in te „ 
direction of the dotted Arc); joins itſelf to the 
detent; diſplaces it; and thus receives the tooth 
k on the plane of action; and ſo, maintains the 
motion of the Pendulum ; and when the tooth k 
has eſcaped the pallet, C, the tooth m, will drop 
on the detent d, &c. 
279. F ig. 2. is a ſection of the hollow cylin- Sections, &c. 
der; (along the line g h) and repreſents the pal- 
lets, crutch, and axles of the detents. 


280. Fig. 3. a view of part of the cylinder, pLATE lv. 


pallets, and detents ſin the direction of the line g h, 
Fig. I and 2,) and ſhows how the detents are 
brought into the fame plane of action with the 
allets. 
. 281. Fig. 4. ſhows how the planes of action 
A and C, are ſcrewed to the pallets : the ſmall 
hole in the ſtalk, ſerves to ſcrew and unſcrew 
them. | 
282. Fig. 5. repreſents part of a Wheel that 
will admit of Vibrations of any length. 
283. Fig. 6. Section of ditto at the line, a b: 


N. B. In all theſe figures, the ſame letters refer to 


the [ame pieces. 


284. The detents ſhould be fitted very cloſe- Aauration to te 
ly to the pallets, but the contact ſbould not be very $9505 again, 
extenſive, left the effects of cohefrve attraction 
become ſenſible ; And, 


285, The 


78 
PALLETS Iu- 


PROVED. 
* — 


DV - 


NMagnetiſm. 


More perſect pal- 
lets propoſed. 


IMPROVEMENT OF 

28 5. The greateſt care is to be taken, that 
neither detents nor pallets have any degree 
magnitiſm. And 

286. Thus may the friction and influences of 
the oil, during the time of reſt of the ſwing 
wheel, be removed; without any of the diſad- 
vantages that attend the application of ſprings*. 

287. But though his conſtructiom of pallets, 
does much enlarge the Vibration, and diminiſh, 
the natural effect, which any alteration in the 
length of Vibration would have on the meaſure 
of time in a detached Pendulum (263); as well 
as remove 22 of the influence of the oil on the 
Clock (174); it cannot be ſaid totally to remove, 
the effect of every imperfection of the move- 
ment. Therefore, 

288. I ſhall next deſcribe @ conſtruction of 
pallets, that not only removes the friction and 
influences of the oil, during the time of reſt; 
but alſo during the motion, of the ſwing wheel; 


ſo far as they can any how influence the Vibrations 


— 


* Such pallets I finiſhed in the year 1763, for a Clock which I 
had the honour of making for the KixG , for journalizing all the 
changes that happen in theheightof the Mercury in the Barometer. 
Which it does in ſuch manner, that a perſon who has not ſeen a 
Barometer for the whole year, may by inſpecting its Dial, know 
with the greateſt eaſe and certainty, not only what changes have 
happened in any particular day of that year; but alſo, every one 
change that exceeds the 100 of an inch, which happens in the 
whole year; with the day and hour, as well as, the particular 
manner in which each, did happen, 
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O. 5790 
of the Pendulum : theſe pallets, do alſo correct Pers iu- 


all the irregularities of action in the main ſpring, — INE 
wheels and pinions; or any other irregularity 
that can poſſibly happen in the movement, from 
any cauſe whatever : though the cauſes of ſuch 
irregularities ſhould altogether eſcape the atten- 
tion of the artificer. 
289. Plate 5. repreſents ſuch a pair of pal- PLATE v. 
lets, and the {wing wheel ; where, 
A, B, C, is the wheel, 
D E, the pallets, 
H I, two ſmall weights that are Gan on the PLATE vi. 
fame axles with the pallets, one to each ; 
F G, the detents, which are firmly attached 
to each other, as well as to the crutch ; by means. 
; of, 
; PP, a hollow cylinder of braſs, which ſerves 
as an axis to the detents ; and to which they are 
ſcrewed : as well as; L, the crutch, which only 
ſerves to unlock the A | 
M, a weight that exactly ballances the detents, 
and ee by means of which, they retain any 
poſition that is given them; n, o, are pins at- 
tached to the Pendulum, (See Plate 7.) and by, 
means of which, the balls I and H, 45 by their 
gravity, maintain its motion. wi 
290, Plate 6. Fig. 1. repreſents theſe 1 {if 
&c. in the direction of M L: and alſo anſwers 1 
to the above deſcription. 1 
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PALIE TS u- 


A Fig. 2. a ſection of the hollow cylinder PP, 
N at right angles to its axis; repreſenting the front 
of the collar to which the detents, or crutch, are 

ſcrewed. ,  : 

291, All the other figures of this Plate, re- 
preſent. ſeparately, - the pieces belonging to thoſe 
pallets ; ; and are lettered the fame, as in the fore- 
going deſcription 3 except WW the axles of the 
pallets ; And, 

292. 'Z, a ſection of thoſe pieces that are fit- 
ted into the ends of the braſs cylinder, and in 

. which the pivots of the axles W W move ; the 
ſmall hole that is next the pivot ſerves occa- 
ſionally to take this piece, out of the cylinder (into 
which it muſt be very truly fitted ;) the other 
two holesare for pinning it, in its place ; the ſmall 
pieces D, E, G, E, (under Fig. 2. Plate 6.) are 
ide views if the. Jower ends of the pallets and 
detents that are marked with the ſame letters. 
2093. Plate 7. Fig. 1. is a front view, of the 
Wheel, pallets, detents, and upper parts of the 
Pendulum; the parts of which that have been 
deſcribed in the former Plates, are here marked 
with the ſame letters, nor do the pallets repreſent- 
ed in this Plate, differ from thoſe in Plates 5 and 
6. in any other reſpect, than that in choſe the 
pallets are placed over the wheel; and in theſe 
W it. 
4. Fig. 2. Plate 7 7. 1s a fide view of Fi ig. 1 
„ V s, repreſent part of the Clock-frame, 8 


1 upper 


CLOCK-WORK, 


upper part of the Pendulum; to the lower end of 
which, the other part is attached by means of a 
ſcrew, in ſuch manner that each of the ſprings 
T T, ſhall bear half its weight. Q, R, are two 
ſcrews that move with the Pendulum, and 
means of which, the detents F and G are alter- 
nately unlocked when the Pendulum comes to 
the extremity of its Vibration. 


The Operation of thoſe Pallets. 


295. Let us firſt conceive the Pendulum at 
reſt; and that the pallets, detents, crutch, and 
pins n, o, remain in the poſitions in which they 
are repreſented in Plates 5. and 7. 

296. It the Pendulum be moved towards the 
detent F, Plate 7. the pin, n, will riſe towards 
the arm that ſupports the little weight H ; and 
the ſcrew.R, muſt be ſo adjuſted, that it will 
unlock the detent F ; and allow the Wheel to 
advance at the ſame inſtant that the pin, n, feels 
the weight H : in which caſe, the pallet D, will 
be diſengaged from the tooth A, and the weight 
H allowed to deſcend with, and preſs upon the 
pin, n; and by this means, maintain the motion 
of the Pendulum. 5 | 

297. No ſooner does the Pendulum begin its 
motion toward F, than the pin, o, is relieved from 
the weight I; for the pallet E, reſts againſt the 
tooth, C, and prevents the further deſcent of I; 

M and 
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PLATE VII. 


IMPROVEMENT OF 


nd thus „the action of the pallet E on tlie wheel, 

iminiſhes 27s preſſure on 3 detent F, ſo as to 
allow it unlock with the greater eaſe, which 
done ; 3 the wheel advances, and by its action on 
the pallet E, continues to raiſe the weight 1 till 
the 1 G ſtops its motion. 

29 8, And, whien the tooth C, comes to reſt 
on Ss detent G, the weight I, will remain at 
reſt till the Pale comes to the extremity of 
its Vibration towards G ; when the pin o, will 


feel the weight. I, and the ſcrew Q unlock the 


detent G, and allow the ſmall weight J, to de- 


ſcend with, and-' preſs upon the pin o, and by 
that meien, promote the deſcent of the Pendu- 


Motion maintain'd 


by the natural ac 


tion of gravity. 


lum; mean time that the wheel raifes the weight 
H, for promoting the following deſcent. 

299. Thus are the Vibrations of the Pendu- 
lum conſtantly maintained, by the alternate de- 
ſcent of the little weights H and I; and ſince 
hb weights, begin each deſcent from abſolute reſt 
(298); it follows; ; that the power, or velocity 
5-8 which they. are raiſed, can by o uuns in- 


ſuence the effeft of their Jeſeent ; And therefore, 


No irregularity of 
act -»n in the 
Movement can 
influence the 
Pendulum, 


tion, in the main 


whether ariſing from the influences ef heat and 
cold on the metals, oil, or friction, &c. if there 


300. However reat the irregularities of ac- 
Brice, "wheels and prinmons, &c. 


remain power, AffiGent to raiſe the weights H 


and I; the maintaining tower of the Pendulum, 
will be. 45 jnbaflablè a, s The natural action of gra- 
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vity and by that means, all the effects of any erg., 
imperfeQion in the movement, of w hatever kind. 
are totally avoided *. 
301. Nor does any part of the conſtruction of The praflice 

thoſe pallets tend to diminiſh the advan hs 85 
thus acquired; _ muſt be the Caſe wherever 

ings are uſed (274). 
= 5 1. re ar I have hitherto repreſented the Oblerration rela- 
weights H and 1, as ſmall -balls ſupported by wks”. 
lender arms; I have take notice, that: 5 ſhould 
be made of hors of ſteel, of the ſame 0 
dimenſions with the Pendulum rod; that heat, 
and cold, may equally affect them, and that the ll 
ſame provifion may remove their influence. in 1 
both. | vey nn 

303. The only artiale; chat 5 wanting of The only imper- | 


fection, in thoſe | 1 I 
| 
| 


Mathematical accuracy in thoſe pallets, is, that pallets, can have 
any change in the action of the wheels may tend us abe cent | {i 
to alter the friction on the detents ; but if the time. ul! 
lame precautions are here uſed; as in common 1 
Clocks, having pinions of eight; and the face of x I | 
the detents be made * hardened Sonar or dia- 1 


. 


* Since the Arc of Vibration cronies. till the reſiſtance of the {i 
medium is in each Vibration equal to the maintaining power - "i 
{259):itfollows; that with an uniform maintaining potver, Vibrations It 
performed in a medium of uniform denſity, would be invariably 1 

of the ſame length; in a medium of fluctuating denſity, the 19 
lengths of the Vibration bear an inverſe proportion to ſuch den- lt | 
ſity : and that, in either caſe ; ; the total reſſſtance of the medium ö | 
to the Pendulum will remain uniform ly the ſame. 
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Farther uſe of this 
conſtruction. 


But, 


IMPROVEMENT OF 


mond, and the teeth of the wheel of tempered 


ſteel ; any effect that can ariſe from this cauſe, 
can by no means become perceptible either in 
the length of Vibration, or meaſure of time (297). 


304. I avoid ſaying too much in defence of 
an article that candour will ſcarce call in queſ- 
tion; and deſpiſe the attacks of prejudice, where 
I have it in my power to give experimental proof 
of my aſſertions * : but he who produces a more 


perfect coftrti&icn of pallets, is fully intitled to 
find fault with this; nor ſhall I be backward in 


making my publick acknowledgments to him 


who at once points out the diſeaſe and its cure, in 
any part of this theory. 

305. It is further to be obſerved, that by 
means of the ſcrews Q and R, the alterations 


that any change in the denſity of the air will 


lt is extremely eaſy to know the effect that any accidental 
alteration in the action of the wheels, could have on the meaſure 


of time; with ſuch pallets : : for if the maintaining power be de- 


ſignedly altered 2, I 78, Or z, ſuch alteration will produce the 
ſame effect, as if it had been accidental; and as it may be con- 
tinued for any given time, and its whole effect be accurately ob- 


ſetved, we may with great certainty from ſuch effect (if it be- 
comes ſenſible) eſtimate the effects of ſuch ſmaller changes as 


may probably happen in the preſſure of the wheel on the de- 
rents, by the influences of the oil on the pivats.—The reſiſtance 
which ſuch friction makes to the Pendulum, in unlocking the 
detents, may be reduced to any degree at pleaſure, by rendering 
the bail M ſo much lighter than the crutch and detents, that 


their exceſs of weight may be made to co-operate, in any de- 
grce with the Pendulum, in unlocking the Wheel. 


I produce 
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produce in the length of Wunden may he, ace Pet I- Ul 

curately , 3 — 1 

306. I make no Guther: attempt to improve We 

the theory of CLock-MovEMENTS 3 but now pro- ll 

ceed to enquire how far the advantages already i 

acquired may yet be loft ; and what are the moſt 1 

 effeftual means of preſerving them. 1 

307. Tue THREE FOLLOWING Cauſes may yet 1 

tend to alter the true times of Wande in 10 
Clock-pendulums. id os I 1 
1 Firſt, Any change in the dla, or weight g [| 
uy the lids to hich the Pendulum is ſuſpended. | | Wl 
Secondly, The influences of b beat and cold on 4 Wil | 
 Pendulum-rod. And, 00% 9900 21 Will 

Thirdly, Any E eee in the Gio of gra- | | 
; 308. As thoſe cauſes tend to alter the times "RBI + 1 
; of Vibration, independent of any im perfection 1 
4 in the movement; they {hall be . — ſe- | 1 
4 parately, and in the above order. DE TORI 1138 
4 309. When the cenTEr of MoTION, or POINT Svzrensrox: | WH 
4 of sUsPENSION of a Pendulum, is confidered as 11 
4 a fixed point; its center of ty will deſcribe | | j 
I a true Arc of a circle, 6 jnr Og 1s, the diſ- | 1 
N tance of the center of gravity from the point | ij 
of ſuſpenſion. 1 

310. But if the point of ſuſpenſion be any il 

how at liberty to change its place, the times of i 


Vibration will thereby be altered. | 
311. Example. 


86 IMPROVEMENT O 
Or rue Svs- 311. Example. PLATE VIII. If a pendu- 


— lous body B, vibrate round an ammoveable point 
PLATE V1IL A, its center of gravity will deſcribe a perfect 
Arc of a circle as B BB, whole radius is AB; 
but if the point of ſuſpenſion moves at each Vi- 

bration, ſuppoſe from A, to a, on either ſide; 
the center of gravity will deſcribe a different 
curve, as CB C, which may here, for the lake 
of illuſtration, be conſidered as a true circular 

Arc: let the center of this Arc be found 7hus ; 

round the point B deſcribe any circle, and alſo 

round the points C, C, deſcribe Arcs cutting the 

faid circle any where, as at the pivots e, e, e, e, 

and, through thoſe points of interſection, draw 

lines towards A, and they will paſs through the 

points a, a, and meet in D, which will be the 
center of the Arc CBC; and conſequently the 
times of Vibration in the Arc C B C, will 
be the fame, as if D B, was the length of the 
Pendulum, and the point of ſuſpenſion im- 

moveable. . 

1 312. And thus it appears, that any motion 
change of length Of the point of ſuſpenſion, will alter the times 
of the Pendulum. of Vibration, more than an equal change in the 
length of the Pendulum would do; in the pro- 

portion of A D, to aa. | 

Wood ; why im- 413. All forts of wood attract and imbib 
PT Te moiſture, and by this means alter their degree 
of elaſticity ; and conſequently, it a Pendulum 
| be 
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be ſuſpended thereto, the motion of its point of 
ſuſpenſion, will vary with the elaſticity of the 
wood; and the times of Vibration will alſo be 
altered (312) ; and this effect, will always be con- 
ſiderable in the meaſure of time, wherever the 
Pendulum is ſuſpended in the common manner, 
or is any how dependent on the caſe; for its ela- 
ſticity is liable to change by every change in the 


moiſture, &c. of the air. 


314. The changes that happen in the weight Further reaſons, 


of the caſe, will alſo concur with the former, in 
altering the times of Vibration: for it is certain, 
that in moſt Clocks, the caſe, &c. are moved by 
the Pendulum at each Vibration; and it is no 
leſs certain, that the ſame power will move a 
lighter body (cet. par.) further than a heavier ; 
therefore, the heavier the Clock-ca/e, the ſhorter 
ſpace will the Pendulum move it; and thus, will 
any change in the weight, as well as elaſticity of 
the caſe, alter the motion of the point of ſuſpen- 
fron, and conſequently the times of Vibration 
(31. 


. 
— — 


* Were it neceſſary to ſatisfy the reader, that the caſe and 
Clock are generally moved by the Vibrations of the Pendulum, I 
would recommend to him the uſe of a ſmall pamphlet, by Mr. 
John Ellicott, intituled ; An account of the influence, which two 
Pendulum Clocks were obſerved to have upon each other, &c. 
And of Hugens's Horologium Ofc. pages 18 & 19. in each of 


which he will meer with inconteſtible proofs, that the point of 


ſuſpenſion 1s not fixed, but meves with the Pendulum. 


315. What 


OF TERRE Sus- 
PENSION, &c. 


88 
Or ru Svs- 


PENSION, &c. 
G = 
bn, i 


Brick and free- 
ſtone, liable to 
ſome objections. 


Lead, or marble 


PENDULUM 
Robs. 


Wooden Pendu- 
lum rods, 


IMPROVEMENT OF 


315. What is above ſaid of wood, is appli- 
cable in a leſs degree to brick, freeſtone, or any 
ſubſtance that imbibes moiſture : and for this 


reaſon; LEAD, and MARBLE ſeem the fitteſt ſub- 


Rances for ſuſpending Clock-pendulums to: and to 


render ſuch ſuſpenſion perfect; a block of either, 
of at leaſt 4 or 500 weight, ſhould be built as 
compactly as poſſible in a wall, and the Pendu- 
lum ſuſpended near its middle; for by this means, 
the point of ſuſpenſion would be rendered much 
more immoveable, and the times of Vibration 
more ifochronal (3 12). | 
De influences of 88AT and COLD on the PENDU= 
LUM ROD comes next in courſe (308). 
319. In all that has been hitherto ſaid, the 
length of the Pendulum has been conſidered as 
invariably the ſame, but the contrary happens in 
practice: for heat dilates, and cold contracts 
all metals; by which means, he ſame Pendulum 
is longer in ſummer than in winter. 
317. Various expedients have been thought 
of for correcting this imperfection ; all of which 


that occur to me, except one, depend on the op- 


poſition of expanſion, to expanſion ; in ſuch 
manner, that the one ſhould ſhorten the Pendu- 
lum as much as the other lengthened it: and 
the contrary. 

318. The only method that does not depend 
upon the above principle, is by making the Pen- 
dulum rod of the ſtraighteſt grained wood; zhe 
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longitudinal expanſion of which is ſo very ſmall, 
that it anſwers ſufficiently for ordinary purpoſes, 
and is equal to any other, in Clocks wherein the 
influences of the oil take place on the pallets (193, 
I 

7 50 All the ways that have been, or can be 
3 = applying the expanſion of metals, may 
be reduced to two general CLassts ; namely, 
320. Such as Do; or Do Nor; move with the 
Pendulum. 

321. Thoſe that do not move with n 


89 


IN FLukNcR Or 


HEAT AND COLD 


ON THE PENDU- 
LUM ROD. 


— mm” 


Thermometers all 
reducible to two 
CLASSES. 


Namely, 


Of thoſe that do 


lum, are either attached to the frame, or caſe. of . 


the Clock; and ſo conſtrued as to raiſe the Pen- 


dulum- ſpring betwixt two cheeks juſt as much 


as the whole rod is lengthened; and the con- 
trary; by which means, the diſtance of thoſe 


PR 


* If I was to adopt any principle or contrivance, on the re- 


putation of its inventor, it would be this; it being invented, 


and often applied with good ſucceſs, by. my late Noble Patron 
ARCHIBALD DuKE or ARGYLL, whole ſuperior abilities and 


penetration, might with many, juſtify a conduct in direct oppe- 
ſition to thoſe rules which yz conſtantly obſerved in philoſophi- 
cal enquiries : and if the fulleſt conviction of His abilities; 
joined to the moſt grateful ſenſe of that goodneſs, to which, 


{under Providence) x may juſtly be faid, in the firſt place, to' 
owe every bleſſing which I do, or can enjoy; are not arguments 


ſufficient, for adopting without further inquiry or experiment, 


a contrivance worthy of the greateſt philoſopher of his age : 
ſurely none other have reaſon to imagine that any indignity is 
meant, when the merits of their inventions are minutely exa- 
mined. 
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InyLvexc® OF cheeks from the center of oſcillation, is always 

——— pireſerved the fame. | 

Inconvenience, 322. Here it is to be obſerved, that as the 
ſpring is to move freely up and down, between 
thoſe cheeks, it is apt to have ſome ſhake in its 
Vibration, which is no defireable circumſtance 
where great accuracy is required. 

Ditto, 323. Secondly, That every change in the tem- 
perature of the air, that influences this Thermo- 
meter; alſo alters the length of that part of the 
Pendulum ſpring that acts in the Vibration: 

conſequenthy its ſtiffneſs will be altered, which | 
will vary the time of Vibration (137). | 

324. Fhirdly, Since this Thermometer remains j 
in its place without motion, any change that hap- 
pens in the temperature of the air, will not ; 
affect it, /o ſoon as the Pendulum rod; which is 
in conſtant motion, and by that means, making 
continual approaches to particles of air, whoſe 
temperature have undergone no change from 
their former propinquity to it; or if they have, 
again recover the ſame temperature, before 
the return of the Pendulum rod : and thus it 
appears, 
Immoveable her- 325. That any Thermometer that is immove- 
in ibi cle. able, can never be fo ſoon influenced by the changes 
of heat and cold, as the Pendulum rad: and 
therefore the evil muſt take place for ſome time, 
before the remedy is applied; this is univerſally 
true of all the Thermometers of this claſs (321). 


326. How 


1 
| 
"1 | 
1 
1 
1 

„ . 
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326. How different is the caſe in the Mtxcy- Ox Tar Penbv- 


g . RoD, | 
RIAL PENDULUM ? for as the cylinder of Mer- 
cury moves quicker through the air, than the 
mean motion of the Pendulum rod, 1T will be . 
; : Mercurial Pendu- i 
ſooner heated and cooled by the air, than the Pen- lums too quick, 9 
"1 


dulum rod; and if we add to this, that no body © 


2 — — — — — —— 
. - — 


in nature of the ſame denſity is ſooner heated i | 
| and cooled than Mercury; it will appear that 11 
: this Mercurial Thermometer, is as much too 1 
: quick, as the other is too ſlow: and conſequently, 1 
327. That neither the Mercurial Pendulum, And neither, can 1 
] (326) nor any Thermometer that does not move with pete, 1 
| the Pendulum (325), can have a perfect effect. (11 7 
4 3 28. From what has been ſaid it appears, that Properties neeeſ- | | 
in order to make a Thermometer perform pro- mas. e lll 
perly, it ſhould be made of the ſame metal with 9 
f the Pendulum rod (326). 1 
329. Secondly, It ſhould conſiſt of bars of the Ditto. 1 
: ſame exact dimenſions with the Pendulum rod; X 1 
4 and each of its parts, ſhould in every reſpect have ll | 
the ſame expoſure to the air with the correſpond- If 
1 ing part of the Pendulum rod. il 
1 330. And laſtly, Each part of the Thermo- Ditto! . 
meter ſhould be extended, or compreſſed, with ol 
| the very ſame degree of power with which the "ll 
correſponding part of the Pendulum rod is ex- ll 
1 tended or compreſſcd: nor can any Thermome- |\M 
ter ever perform to the utmoſt exaftneſs of which 1 
their nature admits, without very particular re- 1 
N 2 gard 1 
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The gridiron and 
Mr, Ellicott's beſt, 
on thoſe accounts, 


IMPROVEMENT OF 
gard is paid to each of the above articles, (328 to 
31). ä | 
, 331. The GRIDIRON Pendulum, and Mr. El- 
LICOTT's, correſpond with thoſe particulars more 
fully, than any other conſtruction with which I 
have met; on which account, I ſhall attempt a 
more particular examination of them ; and to 
the beſt of my judgment, point out the advan- 
tages and imperfections of each: ſo far as it can 
tend to improvement. 


Off the Gridiron Pendulum . 


Its general prin- 
ciples. 


332. The expanſion of braſs, is always al- 
lowed to exceed that of ſteel, generally in the 
proportion of 5 to 3; on which ſuppoſition, if 
any piece of ſteel by the application of a certain 


degree of heat, expands , of an inch: a piece of 


braſs of the ſame length will, with the ſame heat, 
expand of an inch; and, ſince the whole 
length of braſs expands — and the expanſion 
through the whole is ſuppoſed uniform; if it be 
divided into five equal parts, each part, will have 


— 
*— — — — —— — — 
. _ — —„— 


* It may ſeem unneceſſary here to ſay, that Mr. John 
Harriſon is generally reputed the inventor of this ingenious con- 
trivance; and that, if Mr. Ellicott's name is oftener mentioned, 
in deſcribing the following invention, than Mr. Harriſon's, in 
this; it proceeds from no partiality : but becauſe Mr, Elli- 
cott's invention is known only by his name. 


expanded 
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expanded — of an inch; therefore if we take Orts PIxbu- 


away 2 of its whole length, the expanſion of the 2 
remaining + will be = of an inch: but the ex- 
panſion of the whole bar of ſteel, is alſo +; of 


1 © 


an inch (by the hypotheſis), therefore, the ex- bra ad fee 
panſion of a bar of ſteel, is equal to the expan- wires. 
fon of a bar of braſs of = its length. And uni- 
verſally ) | 5 

333. When the length of the bars, is inverſely 
as the expanſion of the relative metals; the whole 
expanſion in each bar, will be equal : and con- 
ſequently may be applied to ballance each other; 
this being the foundation of the gridiron. I now 
come to the application | | 

334. Let AB Fig. 1. Plate 9. repreſent the pLAT E 1x. 
length of any given Pendulum to which a grid> F. | 
iron is to be applied; biſe& AB, in C, and make fl 
BD, D E and E F, each equal to A C or CB, 
then, A F, will be to B F, (that is, HG,) as 5 Ill 
to 3; therefore (332) if A F be ſteel, and H G, bl 
braſs, their expanſions and contractions with any Il 
degree of heat and cold will be equal : and if G fin 
H, be firmly attached to AF at their extremity j 
FG; and A F be ſuſpended by the point A ; 
A F, will expand upwards, as much as G HF, 
does downwards ; and the points A and H will 
always keep the ſame diſtance from each other; 
conſequently ; 


335. if 
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335. Va Pendulum be cunſtructed whoſe point 
of ſuſpenſion is A, and its center of oſcillution H, 


it can neither be lengthened nor ſhortened, by any 


The bars may be 


cut into any con- 
venient lengths. 


The braſs to expand 
upWards, &c. 4 


ATB N. 
Illuſtration, 


change of heat and cold; And, thus | 
336. It appears (334), that whatever be the 
length of a Pendulum; three half lengths of 
ſteel, and as much of braſs, muſt be added, in 
order to have as much expanſion upwards as 
downwards : and when the whole length of bars is 
thus aſcertained, they may becut into ſuch ſeveral 
lengths as may beſt ſuit the purpoſe, and evade 


the inconveniencies of having any part of them 


below the ball of the Pendulum“: 

337. Always obſerving, that the expanſion of 
the feel tend downwards, and that of the braſs 
upwards; in which caſe, they will ballance 


each other, without regard to the number of 
pieces into which they are cut; for the effect of 
the whole, conſiſts of the effects of all its parts: 
Therefore, 


338. If the ſteel bar A F, Plate IX. Fig. 1. 


be cut into tliree unequal lengths, and the braſs 


* Here it is to be obſerved, that the ſcrew by which the 
length of the Pendulum is adjuſted ; ſhould act as near as poſ- 
fible to the center of gravity of the ball: by which means any 
expanſion of the ball can no ways alter the diſtance of the cen- 
ter of ofcillation from the point of ſuſpenſion: and this may 
be effected by means of a long ſocket attached to the nut at 
the bottom of the Pendulum, and paſſing up through the ball, to 
its center of gravity z WHERE, it muſt act on the ſcrew, and ſup- 
port the ball, 

bar 


 CLOCK-WOR K. 1” 
bar H G into two; and thoſe five pieces be ap- ©» Taz Pexpu- 


plied and connected with each other, as in Fig. 3 i 
2. the braſs will expand upwards as much as the 
ſeel does dowards, and the center of oſcillation B, | 
always keep the fame diſtance from A, the point o 
of ſuſpenſion ; nor will the expanſion of the little 9 
croſs pieces that connect the bars, be of any eſ- Ul 
fe, it acting laterally only. 9 
339. Though in theory frve bars only, are neceſ- Why nor: wires Wl 
| fary tor conſtructing a 8 gridiron (338); vine are — | hol 1 
8 requiſite in practice; in order that the bar to 1 
; which the Pendulum is immediately ſuſpended, be [ii 
equally ſupported on each fide : to prevent ſuch | | 
tremulous motion or bending of the bars, as might _ 
otherwiſe take place; See Fig. 3. where it ap- PLATE N. 
pears by inſpection that the correſponding bars | 
on either ſides the center, co-operate in ſuch {h 
manner, as to move both ends of the croſs bars . 
| equally, and by that means, prevent ſuch bending 1 
. of the upright ones, as muſt otherwiſe happen by 
| the weight of the ball B; nor do thoſe addi- 
tional bars, zhus applied, any how increaſe the 
expanſion. [1 
340. Fig. 4. repreſents the manner of con- 
necting the bars in a gridiron; and is drawn of 1 
the ſize commonly uſed for royal Pendulums; tl 
the bars could not be repreſented here at full Drawing at ful! 1 
length, and are therefore broke in the middle; 88 1 


| 
| 
| 
the letters with which the round bars are marked 1 
| 
| 


IB 
N 
i 
4 
78 
: 
- 
- . 
15 
FE 
1 
| 
/ 
: 
|| 
1 


. — vl 


ſerve to denote the metal of which each is made; 
1 and 
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Two ſprings beſt. 


Croſs bars. 


How the gridiron 


expanſion of braſs has been ſuppoſed to bear to that 
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and that part of the middle rod which is above 
the piece E, ſerves only for keeping the three 
bars on each fide thereof, in the fame plane with 
the two outſide ones; it alſo anſwers a like pur- 
poſe at the lower end of the gridiron, and 7s 


pin d in the croſs piece E, only; and moves freely, 


but without ſhake, in the pieces C, D, F andG. 

341. I have always prefered the ſuſpenſion 
by two ſprings, to that with one ; and have here 
repreſented, the piece to which the ſprings are at- 
zached, together with the piece C, to which it is 
ſcrewed, in ſeveral different views; all the other 
croſs pieces, are alſo repreſented ſeparately, and 
marked with the ſame letters as in the Pendu- 
lum. 

342. The upright bars, or wires, are gene- 
rally connected towards the middle by one or 
more croſs pieces, that ſerve {till further to pre- 
vent any tremulation that might ariſe from their 
elaſtic flexibility ; thoſe pieces are pin'd to the 
two extreme bars, and allow the other ſeven to 
move freely, yet without ſhake, in their holes. 

43. In all that has been hitherto ſaid, zhe 


of ſteel, the exatt proportion of five to three; and 
that all dimenſions have been accurately laid down 
agreeable thereto ; but, leſt on trial, the con- 
trary ſhould appear, the gridiron may be adjuſt- 
ed, by ſhifting the croſs piece F, upwards or 


downwards, for which purpoſe, ſeveral holes 


arc 


: 
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are made in the upright rod, that correſpond 
exactly with thoſe in the piece F. See Fig. 4. 

344. It is further to be obſerved in conſtruct- 
ing gridirons ; that round wires are much pre- 
ferable to ſquare bars, even in theory, and inde- 
pendent of all practical advantages; as there is 
a more equal and free admiſſion of air to each 
wire; in order to promote which, the wires 
ſhould never ſtand cloſe to each other ; and thus 
it appears : | | 

345. TrarT gridirons compoſed of ſquare bars, 
cloſely fitted to each other, do in ſome degree 
partake of the inconvenience of immoveable Ther- 
mometers (325); though not to ſuch a degree, 
as where hollow cylinders are uſed. 


I now cout to the theory of Mr. ELLicotT's 
PENDULUM, he deſcription, &c. of which are here 
given in his own words, _ 

46. © Plate 10. Fig. 1. repreſents the Pendu- 
lum: in which a b, is a bar of braſs made quite 
faſt at the upper end by pins, and held conti- 
guous at ſeveral equal diſtances, by the ſcrews 1, 
2, &c. to the rod of the Pendulum, which 1s a 
bar of iron; and ſo far as the braſs bar reaches, 
is filed of the ſame ſize and ſhape, and conſe- 
quently does not appear in the figure ; but a 
little below the end of the braſs bar, the iron is 
left broader, as at dd, for the conveniency of 
fixing the work to it, and is made of a ſufficient 

O length. 
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Round wires bet- 
ter than ſquare, 
even in theory, 


And hollow cylin- 
ders, worſe than 
ſquare bats. 


Mr. Ellicott's Pen- 
dulum deſcribed. 


. 
Fic; 1. 


— en er ern 
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dulum to c. The holes x, 2, &c. in the braſs, 


Mr. Ellicows Pen- through which the ſhanks of the ſcrews paſs 


gulum deſcribed. 


into the iron rod of the Pendulum, are filed as in 
the drawing, of a fufficient length to ſuffer the 
braſs to contract and dilate freely by heat and 
cold, under the heads of the ſcrews; e e e e, repre- 
fent the ball of the Pendulum; ff, two ſtrong 
pieces of ſteel, . or levers, whoſe inner centers, 
or pivots, turn in two holes drilled in the broad 
part of the Pendulum rod, and their outer ones 
in a ſtrong bridge, or cock, ſcrewed upon the 
fame part of the rod, but omitted in the draught, 
becaufe when put on, it covers this mechaniſm ; 


gg are two ſcrews entering at the edge, and 


reaching into the cavity near the center of the 
ball. The ends of the ſcrews next the center, 
are turned into the form repreſented in the 
drawing, which, preſſing with the weight of the 
ball againſt the longer arms of the levers, cauſe 
the ſhort ends to preſs againſt the braſs bar at b. 
Things being in this ſituation, let us ſuppoſe, 
that the rod of the Pendulum, and the brafs an- 
nexed to it, grow longer by heat, and that the 
braſs lengthens more than the iron of the ſame 
length ; then the braſs by its exceſs of dilation, 
will preſs the ſhort ends of the levers downwards 
at b, and at the ſame time neceſſarily lift up the 
ball, which reſts on the long ends of the ſame 
levers at ff, to any proportion neceſſary: and 


provided 


„ 9 7 x bil = * » dc # 
Os ES je L080 ST RSS Ls 


CLOCKE-WOR K. 


provided the ends of the ſcrews do preſs upon 
the levers at a proper diftance from the centers, 
the faid ball will be always kept at the fame diſ- 
tance from the point of ful, nſion, notwith- 
of the Pendulum 
may be liable to from heat or cold. What this 
diſtance ought to be, may very nearly be deter- 
mined, if the difference of expanſion 
iron ad braſs bars is known; for the proportion 
the ſhorter arms of the lovers ought to bear to 
the longer ones, will always be as the exceſs of 
expanſion of the braſs is to the whole expanſion 
of the iron, as may be thus eaſily demonſtrated.” 
Let the line a b, drawn 
ſent a bar of 


ſtanding any N the 


Plate 10. Fig. 2. 


perpendicular to the line e f, repre 
iron; the line e d, a bar of braſs; the pricked 
line b g, the ex panſion of the iron bar by any 


tween the 


particular degree of heat; the pricked line d h, 


the expanſion of the ab bar by the ſame de- 
let the line 8 1, be drawn parallel 
repreſent t 
ference of the expanſion of the two metals: 
through the points h, g, draw a right line cutting 
the line e f, as in K; this line may be ſuppoſed 
to repreſent one of the levers turning upon its 
point where the braſs bar 
acts on the ſhorter end of the lever, and k, the 
point where the ſcrew acts upon the longer end 
of the lever, which being the place where it in- 
terſects the Tale e f, it is evident the ball of the 
Pendulum 


gree of heat; 
to the line e Ci then will 1 h, 


center at g; h the 


O 2 


dif- 
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Mr. Ellicott's Pen- 


dulum deſcr ibed. 
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FIG. 2. 
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Ixr.vzce er, Pendulum will be as much raiſed by the lever, as 


L — 
— 


it would have been depreſſed by the expanſion of 


Mr. Ellicott's Pen- the iron; but the triangle i h g, is ſimilar to the 
dulum deſcribed. triangle bg k; and therefore, as 1 h, the exceſs of 


PLATE X. 


CharaReriſtick of 
true demonſtra- 


tions. 


the expanſion of the braſs, is to b g, the whole 
expanſion of the iron, ſo will h g, the ſhorter 
arm of the lever, be to g k, the longer arm of 
the lever, Q. e. d.” | 

At c, Fig. 1. is placed a ſtrong double ſpring, 
whoſe ends preſſing againſt the under edge of 
the ball, hinder it from bending the braſs bar 
by its forcible motion thereon, at the point b, 
which, when the ball is of a conſiderable weight 
it might otherwiſe be very liable to do. The 
deſcription here given is exactly agreeable to the 
original contrivance : and the only alteration I 
have ſince made in it, conſiſts in placing the 


{crews g g, within the ball of the Pendulum.” 


347. I all not attempt any further explana- 
tion of the above contrivance, which its author has 
deſcribed in a very clear and diſtin& manner; 
nor does any error appear to me in his demon- 
ſtration, if the ſuppoſitions on which it is partly 
founded are allowed ; but it is neceſſary, not only, 
that all mathematical demonſtrations, be founded 
on data that are ſtrictly true; but alſo, that they 
comprehend every circumſtance that can an 
how affect the refult ; in which caſe only, the 
theory and practice can agree, 


348. It 
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348. It is obvious, that the above demon- On ru Pzxpv- 
LUM ROD. 


ſtration ſuppoſes the Pendulum rod perfectly in- 


flexible, and that all the parts move without fric- Mr.Ellicotts Pen- 


tion; in which caſe, the operation muſt be per- um examined. 
fectly ſmooth and uniform: But | 
349. If the Pendulum rod be in any degree q1;eaion. 
flexible, and friction take place in any part of 
the contrivance, the operation cannot be per- 
fectly ſmooth, and the irregularity of the mo- 
tion, will increaſe with the friction and flexibi- 
lity of the rod. Example, 
350. If two rods of different metals be firmly Inuſtvation. 
attached to each other at one end, but at liberty 
to move freely and without reſiſtance on each 
other, towards the other end, they will expand 
and contract uniformly and without the leaſt 
tendency to bend : as in Plate 11. Fig. 1. ther "bebo 
351. But it thoſe rods be connected with = 
each other, not only at their extremities, but 
alſo at ſeveral intermediate ſpaces ; and have dif- 
ferent expanſions, they will form themſelves 
into a circular Arc, as in Fig. 2. Plate 11: and 
the reſiſtance which thoſe elaſtic rods make to the 
bending, increaſes as the ſpaces to which they 
are bent, Therefore, 
352. It ſuch rods be firmly attached to each 
other, at one end only; and by a limited power at 
the other; they will, on any change of heat or cold, 
continue to bend, till the ſtiffneſs of the rods 
(351) does ſomewhat exceed the uniform limited 
power 
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- | = 
ee Inn —— . 
— 
— 


Z —?L——: Q „„ 


102 IMPROVEMENT OP 


Ivr.oexc® or power with which they are connected; at which 
HEAT AND COLD 


period, the rods will ſuddenly flip on each other 


Mr. Ellicott Pen- a ad become ſtraight; this limited power being 
dulum examined. 0 longer able to ballance the reſiſtance of the 
rols : and thus will zhey bend, and move alter- 
nate'y, by means of the changes of heat or cold; 
and the ſpaces to which they bend, will always 
depend on the proportion which the limited 
power that connects the rods, bears to zheir ſtift- 
h nels; -: 
PLATE XI, 353. Let two ſuch rods be ſuſpended, at one 
end, and a weight applied to the other, as in 
Jerks rendered Fig. 3. Plate 11. And hit weight, as well as the 
bebe. fliffeſs of the rods, will tend to oppoſe their bend- 
ing, and the oppoſition which it makes, increaſes 
as the verſed fine of the Arc into which the reds or 
bars are bent (See the dotted lines in the Fig.) 
and the application of this weight will render the 
bendings 4%, and more frequent; ſo as more 
nearly to approach an uniform motion. 
Application of Ov "= SE On if we conſider the friction on all 
eecemes dee. the parts of ſuch a Pendulum as repreſented in 
Plate 10. as a limited power, that connects the 
lowerends of the braſs and ſteel bars; (for they can 
have no relative motion till this friction is over- 
come) the bending of the rods will cet. par.) be 
proportioned to it (352, 353); fo that by dimi- 
Double ſpring) 71ſhing the friftion, the motion is rendered me 
* uni form; of which, the ingenious inventor, was 


4 5 


C LOG EK-WO RK. 
ſo well aware, that he judiciouſly applied the 
double ſpring below the ball. 

355. But this ſpring nuſt not ſuſtain the whole 
weight of the ball; and therefore, though the 
friction may be very much diminiſhed, it can ne- 
ver be totally removed by the application of a 
fpring ; nor can we be abſolutely certain that the 
ſcrews g g, Plate 10. Fig, x. bear equally on the 
levers ; if they do not, it muſt incline the ball to 
one fide, ſo as to rub at the upper part, - againſt 
the bars; which will generate a friction of ſuch 
a nature as muſt ever be attended with jerks *. 

356. Since the friction on the levers is at leaſt 


nearly uniform, and the reſiſtance, which the 


weight, and ſtiffneſs of the rods make to the 


bending, is of an accummulating nature (35 2, 
353); it follows, that when the rods are ſtraight, 


8 


In ſome caſes, friction generates friction; as when a wetted 
finger is moved forward along a ſmooth table, as repreſented in 
PLATE X. Fig. 3. it will always move by jerks; but if 
moved backwards, it ſlips ſmoothly : the caſe will be ſomewhat 
ſimilar here, if the levers ſhould not bear an equal preſſure 
from the ſcrews that ſupport the ball.—In a Pendulum which I 
have now making, with the improvements here propoſed ; the 
ſpring which ſuſtains the ball, is made of a helical form (like theſe 
in ſmall portable ſtill-yards,) fo that it moves with the greateſt 
freedom, and by means of a ſcrew at the bottom of the ball, 
(within which, is the ſpring): its action may be increaſed or 
diminiſhed at pleaſure, ſo that the levers ſhall ſuſtain any aſ- 
ſigned part of the weight. In it, I have alſo ſomewhat altered 
the manner of adjuſting the levers from that in Mr. Ellicott's ; 
by which means, the length of the Pendulum is leſs liable to be 
altered, by ſuch adjuſtment, 
the 
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Mr. Ellicott's Pen- 
dulum examined. 


Friction cannot be 
wholly removed 
by the application 
of a ſpring. 


| 
| 
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Ixy:vexce or the reſiſtance to the bending totally ceaſes; nor 


HEAT AND COLD 


◻◻ can it be ſuppoſed to take place, before the rods 


Mr. Fllicott'sPen- are ſomewhat bent; nor will the bending ceaſe, 


dulum examined. // this refiftance is ſo much increaſed, as to ex- 
Jerks muſt take ceed the friction (354); conſequently while there 
938 is a. friction, there muſt be a bending, and this 
bending muſt produce an irregularity in the mo- 
tion; which, however ſmall, or imperceptible, 
it may be to our ſight, in any experiment, muſt 
ſtill render the effect leſs perfect, than if the mo- 
tion was more uniform; and therefore, ſuch a 
conſtruction as does not admit of a probability of 
ſuch regularity of motion is certainly to be pre- 

ferrel . 
357. Having endeavoured to point out the 
2 — chief inconveniences, that I 7 imagine Mr. ELLI- 
going :nconve- corr's Pendulum in its preſent ſtate liable to 
aiences, &. I ſhall next endeavour to obviate hem, or any 
others that occur to me, ſo as to give 1T all thoſe 
advantages of which the conſtruction ſeems 
peculiarly ſuſceptible : nor have I the leaſt 
doubt of mecting with His approbation, if I 


» 


* It is probable that any improvement of Mr. Ellicott's Pen- 
dulum beyond its preſent ſtate, might anſwer no great end in 
improving the performance, while the influences of the oil, or 
any other imperfections of the movement, can tend to diſturb 
the natural tendency of the Vibration : but when all thoſe evils 
are removed, theſe merit attention; and the effect of re- 
moving them will, I doubt not, then become ſenſible in the 
performance of the Clock. 


ſucceed 


CL OC K- W OR K. 


ſucceed in the improvement of a contrivance Ou ᷣ ng ENDU- 


which He ſo candidly laid before the public; nor. 


do I imagine hat malice itſelf, can conſirue this Mr. Ellicott's Pen- 


examination into a breach of friendſhip, when it is 
declared that my approbation of the contrivance 
induced me to it: and if I ſpare not the inven- 
tions of thoſe whom the public eſteem; and I 
always wiſh to reckon among the number of my 
friends; it proves, that I adhere to my reſolu- 
tion of preferring demonſtration to opinion; and 
that no diſreſpect is meant wherever the one is 
l to the other. 

If three bars of metal (one of braſs and 


358. 
two of ſteel be firmly connected at one end, and & 


held together by any determined power . 
the other end; any increaſe of heat will expand 


the braſs bar more than the ſteel ones; and if 


it were connected with one of the ſteel bars only, 
they would be bent, as in Fig. 2. Plate 11. but 
here, it being connected with a ſteel bar on each 
fide, they endeavour, by means of the limited 
power which connects them, to bend it; each 


operating its own way, by Which means they 


counteract and deſtroy each other's effect, ſo 


that no bending can in this caſe take place: but. 
the leaſt change in their expanſions, will alter 


the relative poſitions at their extremities, and the 
motion will be uniform and regular, unleſs the 
reſiſtance be ſo very great, as actually to com- 


preſs or ſtretch the bars, which I am apt to be- 


Wow 3 lieve, 
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s. 


dulum examined. 


Three bars of 
metal applied, 
. 


No bending. 
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Mr. Evicott's Pen- 
dulum examined. 


How the three 
dars are to be ap- 
plied, &c. 


Further cautions. 
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heve, can never be the caſe in a Pendulum that 
is executed with diſcretion. Therefore, 

359. In Pendulum with levers, two bars of 
ſteel and one of bras ſhould be uſed, as repre- 
ſented by Fig. 7. Plate 11. the ſcrews that con- 
ne& the bars, are made to allow the ove of bra/s, 
to move freely between thoſe of ſteel ; and the 
rods are kept at a ſmall diſtance from each other, 
ſo. as to give 4 free admiſſion of tbe air to the 
braſs bar, that # may be heated and cooled at 
the ſame. in/tant with the ſteel ones; which muſt 
have a more perfect effect, than where the braſs 
is affected by ies communication with the ſteel : 
nor is even this trifling circumſtance unworthy 
of botice, when we recolle& what is faid in 
paragra b (248). 

3600. From what is above ſaid (3.58), it might 
at firſt ſight be thought, that, with this addition, 
little 'or, no regard, nceds be paid to the quan- 
tity of friction: or whether the levers bear an 


equal weight; but let it be obſerved, that though 


the bending of the bars, is by this means pre- 
vented in the direction wherein it naturally takes 
place in the higheſt degree, an unequal bearing 
on the levers would tend to bend the bars edge- 
ways; and though ſuch bending muſt be very 
trifling, even when compared with what has been 
heretofore conſidered, the effect cannot be hurt, 


and may be rendered more perfect, by removing 
as much as in qur power, even the probability of 
any jerk or bending, however ſmall. 

I 361, Plate 
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CLOCKWORK. toy 
361. Plate 1 1. Fig. 5. repteſents one of the On rtr Fanpu- 


ſteel. bars with the zrgſi bur and levers; on — 3 
1 (by means of the Me. Ellicott'sPen- 

) in ſuch manner, that each ſhall have equal dulum improved. 
2 notwithftanding any inaccuracies of exe- 


cution, &c. 


362. N' 1. (under Fig 5 Plate 11.) repre- n 


ſents the lower end of the deal bar, together 
with the cylinder Cy and piece b, each ſeparately ; z3- Improvements. 
and N* 2, and 3. are different views of the 
levers. | | 

363. Fig. 6. Plate 11. part of one Giie of the ſteel 
W to be {ſcrewed to the hp ig. 5. as fepre- 
ſented by Fig. 7. the large opening in it, ſerves to 
ſhew, the ends of the levers with the piece e b, Kc. 
From what has been ſaid, it ap appears, ' that Mr. 
ELLrcotT's Pendulum, can no more be rendered 
perfect, with rwo bars, than the gridiron can 
with five (330); nor can the effect be perfect in 
any with levers, where each. does not 
bear an equal weight (360); and conſequently, 
any Pendulum con/trutted wich. one lever, can 
never have a effect. 

4. From what is above ſaid it is not to be 

er that this Pendulum in its preſent . 
ſtate, is as imperfedt as a gridiran of five bars 


(339), though it does ina leſs degree, partake of the 


Remark, 


[ame incunueniency: but when three bars are uſed, io ce, of Nr, 


and the ec On each lever, rendered equal; Ellico:t's Pc. 


fle. 


P 2 the 
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IsxLumxce of the effect of Mr. Ellicott's, will in every refpect 

.. equal that of the gridiron Pendulum ; with the 

Of Mr. Ellicotes ſuperior advantage of being much more eafily, 

Pendulum. and accurately adjuſted, than any gridiron Pendu- 
lum that I have ſeen ; not to mention ſome 
ſmaller advantages (329). 

ObjeQion to it. 365. The objection that will moſt probably 
be yet made to Mr. Ellicott's Pendulum, 1s, that 
it is regulated by raiſing the Pendulum ſpring 
through a flit, &c. by which means the length 
of the ſpring is altered, in regulating the length g 
of the Pendulum: but, though this is allowed ; 
to be an imperfection in the conſtruction of 5 

Anſwered, Clock-thermometers (323), it is not of equal mo- 
ment in this caſe; for when the Pendulum is 
once got to vibrate true time, he length of its 
ſpring is no more altered : beſides it is eaſily to 
ſubſtitute other methods of regulating, that ſhall 
in no degree be liable to this objection. 

Further remarks. 366. | As to the increaſe of reſiſtance that may 
take place owing to the cavity in the ball; I ſhall 
endeavour to ſhew hereafter, how the reſiſtance 
of the air may be diminiſhed with this, and all 
other Pendulums, by altering the ſhape of their 
balls. 

Orjection to the 367. If in the gridiron Pendulum, the ball 

1 * be ſupported by the lower edge, the whole ex- 

panſion thereof will tend upwards ; and its con- 

| traction, downwards; nor can the effects of heat 
or cold, on ſo thick a body, keep pace with 
thoſe 
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thoſe of the Pendulum rod; therefore in this caſe O 2 
the effect of a gridiron is leſs perfect than M⁊tr. 
Ellicott's ; but this may be corrected by ſup- Of Mr. Ellicatr's 
porting the ball, by its center of gravity, Ox Fendddan. 
THE WHOLE, | 

368. The only material difference that I can Mr. Ellicott's e- 
diſcover in the advantages of thoſe ingenious — _ 
contrivances, in their moſt improved ſtate, is: effect. 
That Mr. ELiicotT's is by much the eafieft ad- 
fufted * ; and that, when the air has free admiſſion 
between its bars, they are more equally heated and 
cooled, than even thoſe of the ION; in which, 
the bars at the extremities, are ſooner affected by 
any changes in the temperature of 'the air, zhan 
thoſe towards the middle: fo that the effect muſt 
be moſt perfect where all the bars are mo/t equally 
heated and cooled (329). 

369. I ſhall now endeavour to bring into one 
point of view, the ſubſtance of what has been 
ſaid relative to the influence of. heat and cold 
on Pendulums. | 

That wooden Pendulum rods may anſwer for Recaritutas 
Clocks wherein the influences of the oil take place 


on the pallets (318). 


* Mr, Ellicott's Pendulum may be adjuſted to the greateſt 
nicety, without ſtopping the Clock many ſeconds, or running 
ſo great a riſque of altering the former length of the Pendulum, 
as in all the gridiron Pendulums I ever ſaw. 

That, 
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Ee ce That, before the influence of the oil is remov- 
tn ed in Clocks, their En 7 may be hurt, by 
totally remedying the influences of beat and cold 
on * Pendulum, particularly with recoiling pal- 
lets (195, 196). 

That, xo Thermometer that remains immove- 
able in its place, can perfectly remove the influence 
of heat and cold om the Pendulum rod (325). 

That, the Mercurial Pendulum is too ſoon af- 
fefted by the changes of heat and cold; and there- 
fore can never have Safer? effet, in remedying 
their Em (326). 

_ . 1./That, the GaIDIRON, and Mr. ELLicorT's 
© -metbods for: removing the influences of heat and 
call, ane phoiboſi that — rg (332). 
That, 0 be conſtructed with 
one lever," ſo as to have a "perfee? eſfac (363). 


That, be bars are more eq 


cooled in It. angry Ss than the GRIDIRON* 


And that, ohe Coping is much more eafily ad- 

faſted tare ihe LATTER (368). 
Pendulum with 370. Which ch two laſt Prop perties, do for 
nne. a give the preference 44 4 4 conſtruction with 
lexers. HI haue in this examination commit- 
ted any overſight or error ; the manner which 


has been obſerved through the whole, lays them. 


ehem ia the detecbion: of = wha, reaſan with more 
propriety, 


371. Some 


wally Baared and -* 
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371. Some may that the method of 2 * 
determining when ſuch Pendulums are accu 
rately adjuſted, ſhould be here given; but where 
time admits, a due attention to the perfor- 
mance of the clock, is the beſt means, as it 
includes every circumſtance that can affect. 


322. As to the changes that may happen in tb Crances in 
acriox of Gravity (307); they only take „ action 
place from a change of latitude, and muſt be cor- : 
rected in the length of the Pendulum. 0 "ng - 


rn dee 
373. Having ſhewn above, how to render Introduction to the 
the maintaining power perfetHly uniform (zoo), in dhe aj. 
the point of ſuſpenſion inmovenble (3 150, and the 
length of the Pendulum invariable (316 to 373); 
ſuch changes as happen in the dexsITY of the air, 
ſeem now, the only remaining cauſe, that can 
alter the length, or time of Vibration, 

374. 1 on proceed to enquire into, the Enquiry. 
comparative effects that ſuch changes may have 
on the times of Vibration performed in cycloidal 
and circular Arcs, when no other cauſe tends to 
alter their times. FI 

375. If a Pendulum was made to oſcillate in 
an exhauſted receiver, free from reſiſtance of any 
kind, its Vibrations would continue egual, and 
rſochronal ( 4 whether prone in the cycloidal 


or circular curve : . | 


376. And if the action of gravity, on ſuch fablalute gravity, 


) ; in what caſe the 
Pendulum, was altered, ſo would its times of Vi- motive force. 


bration 


112 IMPROVEMENT OF 
Dae bration (17); for in this caſe, the abſolute gra- 
— if of the Pendulum, is its motive force. 
As ts 377. Nor would any alteration in the action 
ation of gravity of gravity, alter the length of the Vibrations; 
will not alter the : ; ; : 
length of Vibra- for, the oppoſition to its aſcent, increaſes and di- 
Tr miniſhes as its power of deſcent. 

Times inverſely And, the velocity of /uch Pendulum will be as 


as the motive 


force. its motive force; and 146 times, inverſely as the 
velocity; 1. e. inver/ely as its motive force. 

Comparative 378. But when a Pendulum vibrates in any 

weight, the mo- . . . . . 

tive force. heavy medium; its comparative weight, is the 


motive force ; 1. e. the weight of its bulk of the 
medium, being deducted from its abſolute weight, 
the remainder only, is its motive force“. There- 
A. : | 
In a non-refiſting 379. Any alteration in the denſity of the 
medium, cycloical medium, will alter the motive force (378); and 
5 if ſuch medium be conſidered as nom reſiſting, it 
will not alter the length of Vibration (377); 
conſequently every alteration in its denſity, 
would by altering the motive force, cauſe equal 
alteration in the velocities and times, of ſuch Vi- 
brations as were performed, in cycloidal or cir- 
cular Arcs. But, x 
Nat & in air. 380. Air, being a reſiſting medium; its re- 
france will increaſe.” &c. as its denſity, as will 


the effect of ſuch reſiſtance, in deſtroying the 


* See 6th Corol. Prop. 24. of Sir Isaac 'NeEwToN's Prin- 
Cp. Math. Vol, 2. | 


motion 
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motion of the Pendulum; and contracting its 
Arcs of Vibration : therefore, thoſe alterations 
that happen in the reſiſtance of the air (conſider- 
ed ſeparately) do not affect the times. 

381. But, the ſhorter Vibrations in circular 
Arcs are performed in /e/s time than the longer 
(19) : therefore, any increaſe of reſiſtance of the 
air, will, by contracting ſuch Arcs, alſo ſhorten 
the times of Vibration: and zhis effect will always 
be, as ſuch denſity of the air (300) f. 

382. Now, ſince any increaſe of denſity in 
the air, will, independent of its reſiſtance, pro- 
long the times of cycloidal, as well as circu- 
lar Vibrations, in proportion to ſuch increaſe. of 
denſity (378); and as the 2 of the WY 
always as its denſity, and contracts the Arcs of 
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CycronDaAL AND 


CIRCULAR V 1- 
BRATIONS cou- 
PARED, 


— arc 


The alteration in 
the length of Vi- 
bration, as that 
in the denſity of 
the air. 


Circular Ares 

correct the effect 
of ſuch changes 
as happen in the 
denſity of the air. 


Vibration in the ſame proportion; it follows, that 


in circular Arcs the reſiſtance of the air, con- 
tracts the times of Vibration (19), as much, as 
the diminution in the motive force of the Pendu- 
lum, from ſuch change of denſity, prolongs rhei 
(378): And the contrary. IE 


* * — * 4 


* See notes (238, 19). | TA IO 

+ The reſiſtance of the air does ſomewhat more prolong the 
time of deſcent, than it contracts the time of aſcent of a Pen- 
dulum ; and this difference will increaſe, or diminiſh, with the 
total reſiſtance of the air in each Vibration : but the total re- 
ſiſtance to Clock Pendulums, is as the maintaining power (300); 
therefore, the former will be uniform, when the latter is fo; 
and will in ſuch caſe, equally affect the time of each Vibration; 
which uniform effect is corrected in the length of the Pendulum. 


Q 383. Hence 


—— — — — 
— — - 


—— 
— — — — 
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Crcroiat aß 383. Hence, a Clock-pendulum, having its 


CIRCULAR vi- : : . 2 3 
BRATIONS CoM- motion continued by a maintaining POWer per- * 
—— Fecth uniform ( zoo), and at liberty to enlarge its 
All the times of Arc of Vibration, in proportion to the diminu- 
Vibration in ion of denfity in the air; and the contrary; wall 
Clocks rendered . . . . Ws . 
iochronal. have all its Vibrations in circular Arcs, iſochro- 
nal (382); which would not happen in the cy- 
cloidal curve; in which, all the Vibrations of 
whatever length, are iſochronal in a medium of 
uniform denſity only, (379, 380). And thus it 
8 appears, that in CLock-PENDULUMS, Vibrations 
cdl. per formed in the Arc of a circle are much ſupe- ; 
rior, to thoſe performed in the cycloid, when the F 
maintaining power is uniform, and the denſity of 
the medium fluctuating “. 


CONCLUSITOMN. 


Having thus endeavoured to inveftigate ſepa- 
rately, the effect of each cauſe, that I imagine 
can influence the performance of a Clock ; and 
compared ſuch effects, with their cauſes, in the 
preſent ſtate of Clock-work : I am therefrom in- 
duced to expect ſo much amendment in the per- 


mt * n o 4 of l #4 . lk 
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What is here objected to the cycloidal curve, is equally ap- 
pPlicable to the friction on the pallets; the moſt perfect mode of 
a recoil, or any caufe whatever, that has a tendency either to 
render the Vibrations of more equal length than is here pro- 
poſed ; or to accelerate the Vibrations more, in proportion to 
their length. And if the nature of pallets is not ſo fully conſi- 
dered in this Effay as the reader could wiſh, it will be further ex- 
plained 1n the next, 
4 4 formance, 
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formance, from the improvements already pro- 
poſed, as will render any further enquiry into 
the nature of pendulous Vibrations, of no mate- 
rial ſervice to the immediate improvement of Clock- 
work; but if my leiſure, was equal to my incli- 
nation of eſtabliſhing a practical theory of Clock 
and Watch-work, and rendering it of general 
utility, I would not deſiſt, before I had made 
ſuch number of experiments, as would not only 
illuſtrate, but confirm, the truth of every im- 
provement propoſed in this Eflay : but pru- 
dence forbids an attempt, that requires ſo much 


time, expence, and application. 


End of the Firſt Eſſay. 
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384. 


Watches are as well executed as Clocks, T 
but meaſure time worſe ; it naturally follows, 
that the defect ariſes, more from the imperfec- Errors ariſe from 
principle, more 
tions of principle, than execution, ef r Bee 
385. I SHALL THEREFORE ENQUIRE, 
I herein do Watches differ from Clocks 
What defect will ariſe from each difference ? 
How ? and in what degrees? may thoſe defects 
be remedied ? 


386. The articles wherein Watches differ from Watches differ 
Clocks are, from Clocks. 


FigsT, That in Clocks; the motion is ge- 


nerally maintained by weight; but in Watches 
by ſprings.— 


Enquiries, 


SECONDLY, 


T BEING UNIVERSALLY ALLOWED, that Warci-work. 
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Firſt inconve- 
niency of Springs. 


Second Ditto. 


How remedied. 
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SECONDLY, That in Clocks, the motion is regu- 
lated by a Pendulum; hut in Watches, by a Bal- 
lance and ſpiral Spring. — 


TrirDLy, Clocks are not capable of beginning 
their own Vibrations; zut Watches are. 


FourTaLy, Clocks are larger than Watches. 


And, 


FirTHLY, Clocks are fixed in their place; 
but Watches are portable. - 

387. The above five articles, being all that 
occur to me, wherein Watches differ from 
Clocks; I ſhall enquire into the effect of each 


article ſeparately, and how it may be moſt effec- 
tually removed. 


Clocks go by weight, &c. 


388. The firſt inconveniency of Springs, is 
that their action is not uniform, but diminiſhes 
as they unbend : but this is totally remedied by 
the application of a well adjuſted Fus Ex. 

389. Heat and cold, contract and dilate all 
metals ; and confequently alter the elaſtic force of 
Springs in ſuch manner, that their exertion is not 
the ſame at all times; but in a ſtate of fluctua- 
tion, depending on the temperature of the air, or 
the degree of heat or cold to which they may 
occaſionally be expoſed. 

390, But this evil, however bad, is not in- 
curable ; for the ſame cauſe always producing the 


{ame 
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ſame effect, it may with certainty be remedied Warchte ur 


by an oppoſe ſtion of expanſion ; of which more 


when I treat of Thermometers. 

91. I have ſhewn (155), that the influence 
of heat and cold on the oil applied to the pallets, 
was of the moſt pernicious nature, as no remedy 
could be applied by oppoſition ; the ſame is appli- 
cable to the oil applied to the main Spring; for the 
coils of the ſpring lying in many places in contact 
with each other, any change in the tenacity of 
the oil, may conſiderably alter the exertion of 
the Spring on the Fuſee; and conſequently the 
action of the wheels on the pallets. 


SPRINGS, 


Application of oil 
to the main Springs 


hurtful. 


92. But the uſe of oil on ain Springs may Rendered unne- 


be diſcontinued, by tapering them more towards 
the inner end ; by which means the exterior 
coils being thickeſt will ſooneſt unbend ; and 
the exertion of the Spring will become progreſ- 
five from its outer, to inner end, and one coil 
only act at a time ; which will prevent all rub- 


ing, and render the application of oil entirely 


unneceſſary : hence its action may (390) be ren- 
dered ſo uniform, that the greateſt effect of any 
remaining irregularities, cannot be perceived in 
the performance of a Watch. 

393. It may poſſibly be objected, that the 
thickneſs of ſuch Springs may render their tem- 
per leſs per fect at the external, than the internal 
end; but it ſhould alſo be remembered; that the 


as parts of all Springs are bent round 
R larger 


cellary, 


ObjeQion to ta- 
pering Springs. 


Anſwered, 
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Conſideration of 
the method of diſ- 
engaging the 

u heels, reſumed. 


muſtration. 


IMPROVEMENT OF 


larger cylinders, than the interior, and therefore, 
require leſs perfed elaſticity ; and if due care be 
taken that Springs be made as broad as the ſpace 
admits, and no part of their power miſapplied; I 
am apt to think that no ſenſible inconveniency 
or difadvantage will attend the neceſſary thick- 
neſs : but even admitting, that thicker Springs 
are more liable to break, than thinner ones ; 
that which gives the moſt perfect performance 
while it laſts, is in many cafes to be preferred. 
394. When I examined the properties of Mr. 
Huscens's method of removing the effects of any 
irregularities of action in the main Spring (216, 
to 223), I propoſed reſuming that ſubject, in 
order to enquire, whether that ingenious contri- 
vance would have an equal effefe? in PORTABLE 
MACHINES, as it was there allowed to have 7-7: 
Spring Clocks that remain in their place (221). 


The reader will pleaſe to remember, Tur 


395. Thechief advantage acquired in ? former 
caſe, was owing to the {wing wheel being mov- 
ed by a ſmall weight (216) ; which would have a 
direct contrary eſfect ina portable machine, of what- 
ever conſtruction : for the action of the weight on 
the ſwing wheel, would no longer remain uni- 
form, but depend in a great meaſure on the di- 
rection and velocity, with which the machine 
was moved. 


396. Example. If a heavy body falls freely, 


it will deſcend nearly ſixteen feet in a ſecond of 
4 time : 


WAT C H-W OR K.. 


time: but if two bodies fall together, and with 
equal velocities, they will be relatively at reſt; 
nor can the one, have the leaſt tendency to draw 
or propel the other: and thus, is the action of 
the ſmall weight on the {wing wheel diminiſhed, 
in proportion to the velocity with which the 
whole machine deſcends ; and the contrary ; by 
which means, Mr. Hucen3's method of winding 
up his Marine-clocks every half minute, intro- 
duced greater irregularities in their maintaining 
power (while at fea), than could ariſe from all 
the other imperfections of Spring Clocks taken 
together. 

397. Let us then ſuppoſe, a Spring or Springs, 
ſubſtituted for the weight; it is obvious, that 
every inconveniency ariſing from the motion of 
the whole machine, will be removed ; but thoſe 
Springs, being as ſubject to the influences of 
heat and cold, as the main Spring, will be no 
improvement in this reſpect; for if any degree 
of heat or cold ſhould alter the exertion of thoſe 
ſmall Springs on the Ballance wheel, ſuppoſe — 
part of their whole force, it will aſfe& the times 
of Vibration, as much, as if the main Spring 
had acted on the Ballance whee!, (without the 
interpoſition of ſuch ſmaller ſprings) and un- 
dergone an alteration of a —— part of its 
whole force: tor in either caſe, there is an alte- 
ration of >, part of the whole maintaining fower ; 
and it was fhewn formerly (80, that zhe altera- 
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Springs ſubſtituted 


for weights. 


No advantage. 
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Theſe ſmall 
Springs more in- 
fluenced than the 


main Spring. 


No more than a 
200th of the in- 
fluence of the oil 
can be thus re- 
moved. 


IMPROVEMENT OF 
tion in the meaſure of lime depends, (c. p. on 


the alteration in the maintaining power : there- 


fore the performance of the Watch, will be no 
ways improved by the above means. And, 

398. If this method of frequent winding up, 
docs in portable machines, remove the influence 
of heat and cold on the main Spring : it intro- 
duces another effect, that is, in every caſe equal 
to it (397), and ſuperior in many; for, thoſe 
Springs that propel the Ballance wheel, being ſo 
much more ſlender and expoſed than the main 
Spring, are influenced by many ſuch changes of 
heat and cold, as have not ſufhcient duration to 
affect the main Spring; and therefore, if we only 
regard the influence of heat and cold on the 
Springs, this method is hurtful. 

399. I have already ſhewn (392), how to 
evade the uſe of oil on the main Spring; and 
if the influence on all the pivots, thoſe of the 
Ballance and its wheel excepted, be removed 
by the diſengaging all the wheels but one; it 
has been already ſhewn, that /uch part of the in- 


fluence of the oil, is to its whole influence, even 


in Clocks ; only as one to 199, (221) : but it will 
ſtill bear a much leſs proportion to the whole, 
in Watches, where the influence on the Ballance 
pivots, and pallets, become much more conſide- 
rable on account of the greater angles and num- 
ber of Vibration, as well as the greater num- 
ber of wheels. 


400. But 
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400. But admitting, that a 2ooth part of the 
influence of the oil, ſhould be removed by this 
means, a much greater advantage might be gain- 
ed, by applying ſuch part of the action of the 
main Spring as is in the above caſe loſt; for by ſuch 
means, the influence of the oil would be dimi- 
niſhed in the inverſe duplicate proportion of the 
maintaining power (162): for, if a fifth part of 
the action of the Spring be thus loſt, the effect of 
the influence of the oil (on the meaſure of time), 
with the remaining four fifths, will be to its 
effect, with the whole action of the Spring, as 
25 to 16 *; from which it evidently appears, 
that ſo far as relates to the influence of the dil, 
the advantage gained, by applying the whole ex- 
ertion of the main Spring to the pallets, is, to the 
advantage gained, by diſengaging the Wheels, 
nearly as 200 to 3. 

401. It has been already ſhewn ( 308) that, 
ſo far as it regards the influence of heat and 
cold on Springs, this contrivance is hurtful; 


that, ſo far as relates to the influence of the oil, it 


has no better effect (400); and that, unleſs the pe- 
riodical fluctuations, in the action of the wheels, 
have a ſenſible effect on the meaſure of time du- 


— — 


For it appears that by increaſing the motive force of the 
wheels, as 5 to 4, the influence of the oil is diminiſhed as 
16 to 25, that is, ſomewhat more than a third: but by diſen- 
gaging the wheels (however frequent) only a 200th part of 
the influence can be removed, 
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maintaining 
power. 
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The diſengaging 
the wheels, &c. 
can never be an 
ad /antage in any 
portable machine. 


Maintaining pow- 
er in Watches 
can never be ren- 
dered as uniform 
as in Clocks. 


IMPROVEMENT OF 
ring the action of one tooth, it never increaſes 


(54) : and even admitting, that ſuch periodical 
fluctuations in the maintaining power, were 
hurttul ; thoſe that happen, by unlocking the 
winding up part, in the above caſe, are not leſs 
{o, than thoſe of the wheels and pinions. 

402. There does not then appear, the ſmall- 
eſt ſhadow of improvement, by thus diſengaging 


any number of the wheels, in portable machines of 
any kind : on the contrary ; by rendering thoſe 


periods of winding, more frequent, than will 
require the Springs that propel the Ballance 
wheel, each as thick as the Ballance Sfring, the 
performance muſt be hurt“; and in 30 hour 
Watches whoſe Ballance Springs are of a proper 
ſtrength, the above rule, will not even admit 
of detaching one ſingle wheel, much lels, of 
winding up every half minute; zherefore, we 
may to good purpole in all portable machines fave 
that labour, which this method oi diſengaging 
the wheels would occaſion. 

403. The method which I have given (300) 
tor rendering the maintaining power in Clocks 
perfectly uniform; would 1 portable machines 
be liable to the ſame inconveniencies : hence it 
world appear, that in this reſpect, Watch-work 
muſt ever be inferior to Clocks: though, by a 
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This article will be explalned, when Ther.n: mete's are 


treated of. 
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due attention to what has been ſaid in the for- 
mer Eflay relative to the maintaining power, 
and a judicious application of a Thermometer, 
the action on the pallets, in Watch- work, may 
be made to diſturb the times of Vibration, as little 
as it generally does in Clocks. But, 
404. He who prefers experiment to demon- 
ſtration may receive no {mall ſatisfaction, relative 
to the errors that ariſe from all the imperfections 
of MAIN SPRINGS, even in their preſent ſlate, by 
comparing together the performance of two 
Clocks; the one with a weight, the other, with a 
Spring: and I will venture to aſſert from trials 
I have made; that, if the maintaining power, 
angle of Vibration, and weight of the Pendulum 
&c. be made equal in two ſuch Clocks; their 
performance will prove; that a very ſmall part 
only, of the errors of Watch-work, is owing to the 
imper feftions of the main Spring; even where no 
Thermometer is uſed to counteract it*. 


2 . un. 


8 — 


Does not the ſame heat that lengthens the main Spring 
and chain, render the oil on the pivots more fluid, and increaſe 
the diameter of the Fuſee? by which means, it ſeems to me more 
than probable, that the exertion on the pallets is rendered more 
uniform, than if the action of the main Spring was ſubject to 


no alteration from heat or cold: for thoſe contrary effects tend 
to correct each other. 


CLocks 
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Plan of enquity. 


Firſt property of 
the Pendulum, 


Equalled in the 
Ballance. 


Second Property 


of the Pendu- 
lum. 


IMPROVEMENT OF 


CLocks are regulated by a Pendulum; 
WATCHES by @ Ballance and Spring. 


405. In order to inveſtigate this matter pro- 
perly, it is neceſſary carefully to compare the 
Ballance and its Spring, with a Pendulum ; and 
enquire, how far they ſhare the ſame proper- 
ties: in order to which, I ſhall here recapitulate 
the general properties of the detached Pendulum, 
as ſtated in the foregoing Eſſay; that it may the 
more clearly appear, in what reſpects tho/e of the 
Ballance, do either agree with, or differ from 
them. 

FizsT Property of a Pendulum.— 

406. That, if once put in motion, it would 
ever continue to vibrate, if no external cauſe 
tended to deſtroy its motion. 

The caſe is ſimilar in the Ballance; for the 
Spring in unbending, would communicate as much 
motion to the Ballance, as would enable it, {by 
means of its vis viva) to bend the Spring as much 
ina contrary direction. Hence, it would vibrate 
without diminution, &c. 

SECOND Property of the Pendulum. 

407. All its egual Vibrations would be per- 
lormed in equal times. 


The 
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ſtrength of the Spring have the ſame proportion; 


4 os 2.08, Lt oy We © 
The ſame would happen with the Ballance and 


Spring: becauſe the motive force and ſpace de- 


ſcribed, remained unalterably the ſame (406). 


Tuixp Property of the Pendulum.— 

408. Its momentum (in circular Vibrations) 
is as the verſed fine of its angle of Vibration, 
into its quantity of matter : but it increaſes ſome- 
what quicker, towards the extremities of cycloi- 
dal Vibrations ; in which, the exertion of gravity 
on the Pendulum, is conſtantly as its diſtance 
from the point of reſt “. 


In the Vibrations of the Ballance, the exertion of 
the Spring, is alſo conſtantly, as the diſtance of 


the Ballance from its point of reſt ; and there- 
ore its Vibrations, naturally have the properties 
of the cycloidal Pendulum, oſcillating in a medium 
of unalterable denſity} ; and their momenta and 


velccities, at different diſtances from the point of 


reft, &c. are to beeſtimated in the ſame manner. 
FouRTH property of the Pendulum.— 
409. Thole of equal length, though unequal 
weight, will (c. p.) perform their Vibrations 
in equal times. 
Likewiſe all Ballances wherein the vis inſita and 


—_—. 
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* See Sir Isaac NEWTOx's Prin. Prop. 53. 

+ See Dr. Hook's Theory of Springs. 

+ For ſuch changes as happen in the denſity of the air, do 
not alter the motive force of the Ballance, as they do that of 
the Pendulum (379). 
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Third property of 
the Pendulum. 


More perſect in the 
Ballance, 


Fourth property of 
the Pendulum. 


Eqnualled in the Bal 
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Fifth property of 
the Pendulum. 


Equalled in the Bal- 
lance and Spring. 


A perſect equiliber 
of action and re- 
action 
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will (c. p.) per form their Vibrations in equal 


Times. 


Fir rh property of the Pendulum. — 
410. They alter their times of Vibration in 
different latitudes : (becauſe gravity is altered 
without the vis inſita) f. 


A Ballance will alſo alter its times of Vibration, 


if the Prength of its Spring be altered; without 
altering its weight or ige 

411. In the vibrating Pendulum ; gravity 1s 
made by means of the vis inſita, to counteract 
itſelf : the Ballance Spring is alſo made to coun- 
teract i7/elf in each Vibration, by means of the 
vis inſita of the Ballance; and thus, by having 
the effect changed into the cauſe, in each Vibra- 
tion; we have, in the vibrating Pendulum, and 
in the Ballance and Spring, the moſt perfect 
equilibrium of action and re- action, that nature 
can produce |: what can be more equal than any 
power to itſelf ? 412. Thus 


+ In the Pendulum, gravity is the motive force; and in - 


Ballance, the Spring: the vis inſita is the reſiſtance in each: 
and the contrary : therefore, when the motive force is in each, 
as the reſiſtance, the velocities and times muſt be equal. Hence 
it allo happens that (c. p.) the Ballance meaſures the ſame time 
in all latitudes. 

Here, by altering the weight, is ſtrictly meant, altering 
the vis inertie ; for the Vibrations of a Ballance, whoſe center 
of gravity coincides with its center of motion, have not the 
leaſt dependence on gravitation, otherwiſe it would alter its 
times 1n different latitudes, as well as the Pendulum. 

4 For this reaſon the vibrating Pendulum and the Ballance 
and Spring will always meaſure time better than ſuch as * 

I Whole 
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412, Thus we find; that the Ballance and 


Spring, are in full poſſeſſion of all thoſe proper- 
ties of the Pendulum, on which the iſochroniſm 
of the Vibrations depend: the vis 759 hav- 
ing the ſame effect in each; and tbe Spring pro- 
ducing that effect in the Ballance, that gravity 
does in the Pendulum. Therefore, 

413. All that has been ſaid in the former Eſ- 
ſay, relative to, the length of Vibrations (41, 
47); weight of the Pendulum (79, 80); quan- 
tity of maintaining power (161, 162); influences 
of the oil (163, 164, ; and conſtruction of pal- 
lets, (189, 239, 263) ; is as applicable to 
Watches, as Clocks*, and need not here be 
repeated : but as the ſeveral articles wherein 
Watches differ from Clocks (386) require ſome 
conſiderations in the improvement of the former, 


* 3 2 „ — A _ _ — 


whole revolutions : and where the centrifugal force is made to 
correct the velocity: for in this caſe, any alteration in the mo- 
tive force will require a new adjuſtment of theſe two powers, 
which cannot take place till the change of velocity make ſuch 
an alteration in the centrifugal force as can overcome ſome ſmall 
degree of friction: therefore the motive force may remain for a 
conſiderable time, either too great or ſmall, tor the reſiſtance, to 
render the revolutions iſochronal; and here the moſt trifling 
error may, by conſtant accumulation, become great (248) : 
whereas in the common Pendulum, there is a new adjuſtment of 
the motive force and reſiſtance, at the point of reſt of each Vi- 
bration ; where the effect is always changed into the cauſe. 

* Obſerving always, that what is ſaid in the One of the 
mode or quantity of the exertion of gravity on the Pendulum, 
is to be underſtood in the Other, of the exertion of the Ballance 
Spring. 
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The Ballance has 
all the properties 
of the Pendulum. 


All that has been 
ſaid relative to the 
Pendulum, is 
equally applicable 
to the Ballance. 
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rocks au that were totally unneceſſary to the latter; I 
LATED "BY A . 7 

Pexpurum; ſhall endeavour to point out, in what caſes, thoſe 
/ 8 additional improvements co-operate with, or 

counteract, thoſe already propoſed. EX 

Maintaining 414. It has been already obſerved (403), that 
power cannot be the maintaining power can never be rendered ſo 
rendered fo per- 


feet in Watches uniform in Watches as it may in Clocks : but 
N admitting the natural iſochroniſm of the Ballance 


(408), pallets may be ſo conſtructed, as to cor- 


But the ſame effect rect the effef? of any changes of the maintaining 

eee power; by prolonging one halt of the time of Vi- 
bration, as much as the other is contracted : 
which will have the ſame effect on the mea- 
ſure of time; as rendering the maintaining power 
per fectiy uniform. = | 

Enquiry concern- 41 5. But let us now enquire, whether there 

ing ine Balance. are any probable reaſons, why the Ballance may 


not have the ſame advantages, in practice as in 


theory. 
Eien of I 416. In the theory of the Ballance (408), 
2 a angle force, the action of the Spring was conſidered, as an in- 
r. nate property of the Ballance; whoſe exertion 
was in every part of the Vibration, as the diſ- 
tance of the Ballance from its natural point of reſt: 
but no regard was paid to the effects that might 
ariſe from the vis inſita, or ſhape of a Spring, 
acting in a ſpiral direction. 
The feof is 417. If all the matter of the Ballance Spring 


vi inſita. 


Ballance, its vis inſita would have a ſimilar ef- 
fect 


was collected into a circle, concentric with the 
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fect to that of the Ballance ; and would tend to g BY « 108 

promote the action, in the one half of the Vi- $PR 18G, 6 140 

bration, as much as it oppoſed it, in the other 1 

and conſequently, no part of the exertion of the #4 
1 Spring would be loſt, or deſtroyed by is means.  "l 

But from the ſpiral form of the Ballance Spring, i 

the vis inſita of all its parts, have contrary ten- | 

dencies, and ſo deſtroy each other's effects; ſo 

1 that it cannot promote the bending as much, as 

ö it retards the unbending: and thus is a part of 1 

| the exertion of the Spring loſt in each Vibration, | 

ö which muſt prolong the times. But 

418. The part loſt of the exertion of the The exertion log 
Spring is, c. p.) as the mean motion of all the Vibtzuens Ae, 


| y f Vibration. Hence | 
% particles of the Spring taken together : hence it the longer ones | 


is mult increaſe with the angle of Vibration; and 5 
| ſuch prolongation of times as it occaſions, muſt 

. be greater, in the longer Vibrations than the 

j ſhorter ; and this I imagine is the caſe, in de- 

| tached Ballances with Springs of equal thickneſs. 


But 

419. If the Spring be rendered thinner towards The Vibrations 
its inner end, the mean motion of its parts, will ai 
bear a leſs proportion to the angle of Vibration; 
and conſequently, the longer and ſhorter Vibra- 
tions will thereby be rendered more iſochronal; 
and the fame is true of all the other means, by 
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which, the mean motion of the Ballance Spring 1 
may be diminiſhed (418). But * i 


420, As 
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IMPROVEMENT OF 


420. As the Spring muſt have ſome degree of 


motion in any Vibration whatever the above 
conſideration alone, can never render the Vi- 


brations truly iſochronal (418). 
421, But the longer Vibrations are rendered 


quicker in proportion to the ſhorter, with taper- - 


ing Springs, on account of their mode of action, 
as well as the diminution of the vis inertiæ. 
Thus 

422. If any power be applied to a Ballance, 
which tends to bend its Spring, the thinneſt part 
thereof will be ſooneſt bent; therefore a taper- 
ing Spring will begin to bend at its inner end, 
and as the reſiſtance of its thinner parts increaſe 
(408), the thicker parts are bent: by which 
means, the exertion of a ſpiral tapering Spring 
in bending, is at leaſt in ſome degree, progreſſive 
from its thinneſt to its thickeſt end; and in un- 
bending, he contrary. 

423. It is evident, that the mode of exertion 
of a tapering ſpiral Spring, is difterent from that 
of a ſtraight Spring of equal length, and taper, 
where the power is applied at right angles to the 
Spring “. 

424. But 


* The exertion of any power applied at the inner end of a ta- 
pering Spring, on any part of ſuch Spring, may be repreſented 
by two lines meeting at ſuch part of the Spring ; the one at 
right angles, the other attangent to it : from which it is evident, 


that ſuch part as 1s repreſented by the line attangent, can have 
no 
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424. But the exertion of a Spring is, (c. p. 
as its thickneſs ; therefore (4 2 2), the exertion of 
a ſpiral tapering Spring, will increaſe more in 
proportion to the ſpaces to which it is bent, than 
that of a Spring of equal thickneſs. 

425. Hence, the longer Vibrations of a Bal- 
lance will be quicker in proportion to the ei 
ones, with tapering Springs, than thoſe of equal 
thickneſs : Therefore, 

426. There muſt be a certain degree of ta- 
pering of the Ballance Spring, that will render 
the Vibrations as iſochronal, as if the Spring was 
of equal thickneſs, and deprived of its vis inertie 
(417). And this I am alſo induced to believe 
by obſervation, as well as theory : and moreover, 
that, by tapering the Ballance Spring beyond the 
due pitch, the longer Vibrations of the detached 
Ballance, may be rendered quicker than ſhorter 
ONES. 

427. And though it may be impoſſible to deter- 
mine by calculation, the exact ſhape that will give 
the above property; it may not be ſo difficult, 


to manufacture many, that will have the ſame 


— 


1 


no effect on the bending that part of the Spring, but acts like a 
cord in bending ſome other part of it, at the diſtance of a quar- 
ter of a turn from that point: and thus may a weaker part of a 
ſpiral Spring be made to bend a thicker, without being ſo much 
bent itſelf as if the Spring was ſtraight: and this accelerating 


effect of a tapering Spring will increaſe with the ſize of the col- 
let to which it is attached. 


property, 
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towards the extre- 
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Springs. 


The longer Vibra- 
tions quicker, 
with tapering 


Springs, &c. 


A certain degree 
of tapering will 
give the cycloidal 
properties, &c. 


Or even render 
the longer ones 
quickeſt, 


Many ſuch Springs 
may be manufac- 


tured, &C, 
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Crocs REGV- property, when ſuch ſhape has been once found : 
LATED BY A 


Pex>u.vm; and it may be aſcertained by trial, whether ſuch 
OE RANT 


property is ſuthciently perfect before they be ap- 
plied to a Watch. 


All the properties 428. And thus it would appear, that even in 


of cycloidat de practice, all the properties of the cycleidal Vi- 


* 


1 brations of the Pendulum in a medium of uni- 
ance, even in 


practice. form denſity may be given the Ballance and ſpiral 
Spring. Therefore, 
Concluſion. 429. The great diſparity in the performance 


of Crocks and WarchEs, cannot be owing to 
the former being regulated by a Pendulum, and 
the latter, by a Ballance and ſpiral Spring: we 
therefore come to confider, the third article where- 
in Matches differ from Clocks. 


CLocks are not capable of beginning 
their own Vibration : but WATCHES 
are. 


In an Clocks the 430. If the action of the ſwing wheel was 
action of gravity 


bas noe fluence greater than that of gravity on a Clock Pendu- 
on the Pendulum. lum; ſuch Clock would begin its own Vibra- 
tions : but as no Clocks do, we may juſtly in- 
fer, that in all of them, the action of gravity 


has more influence on the Pendulum, than the 


action of the wheels has. 
The contrary in 


8 431. Al Watches begin their own Vibrations, 
becauſe the action of the wheels is equal to that 


of 
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that in every caſe, the advantage increaſes with 
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of the ſpiral Spring on the Ballance when the Warcnrs vv 4 


wheel eſcapes the pallets (486). And therefore bear. 
Watches are, in this reſpect, only on @ far with YT 
Clocks having ſuch light Pendulums that they 

would begin their own Vibrations (413). | 
432. Let ſuch a Clock be made with an equal 2 ca 
maintaining power as in Watches, and its perfor- 

mance will prove, that no ſmall part of the im- 

perfections of Watch-work, is owing to 200 ſinall 
maintaining powers (164); and the ſtill ſmaller 
proportion, . that the momentum of the Ballance 

bears to them (80, 81, 413, 487). 

433. It is univerſally allowed that the lighteſt Iluſtation. 
Pendulum has all the natural properties of the | 
heavieſt : but will any aſſert, that one of an 
ounce weight, will /c. p.) have the ſame effect 
in correcting any irregularities of the maintaining 
power, as one of many pounds: and is not the 
caſe exaftly ſimilar with a Ballance and Spring? 


(413) *. 
434. I ſhall hereafter have occaſion to en- The advantage in- 


FRY | advantage 
quire into the ſeveral ways of augmenting the grenzh of the 


momentum of the Ballance, when it will appear, 1 


* I ſhall, in an after part, conſider the improvements that 


- mult yet be made, before the momentum of the Ballance can be 


much augmented in Pocket-watches, with one Ballance, further 
than by augmenting the maintaining power and angle of Vibra- 


tion, and diminiſhing the angle of ſcapement. 
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ght, &c. 


IMPROVEMENT OP 


the ſtrength of the Ballance Spring: though not 


equally i in all caſes *, 
435. Having here pointed out, one of thi 


greateſt cauſes of error in the performance of 


Watches, I now come to the fourth article 
wherein they differ from Clocks. 


CLOCKS are larger than WATCHES. 
4.36. Here alſo, Clocks have the advantagi 


of portable machines, wherein the fize is limit- 


cd : as they admit of Aronger maintaining powers, 
and. greater momentum in the Pendulum. 


43 7. For the ſame reaſon; à LARGER Waren 


will Perform better than a ſtnaller : : for, though 


8 . 


the maintaining power may bear the ſame pro- 
portion to the weight of the Ballance in each ; 

the influ ences of the oil will always bear the great- 
eſt proportion to the leaſt maintaining power (161 
to 164): therefore, the 'greateſt care is to be 


taken, to acquire in all Watches as great a main- 


S445 ' $4 
taining power as circumſtances can admit : 


which of courſe increaſcs the momentum of the 
Ballance, by which means a double adyantage is 
gained (162, 490). 

438. As to the wheels; they, only ſerving to 
tranſmit the action of the main Spring to the Bal- 


F 


* Since all-that "9h been ſaid relative to the exertion oft the Bal- 


lance Spring is equally applicable to the exertion of gravity on the 


Pendulum (413) ; it follows, that the more the Arc of Vibration 
of a Pendulum approaches a ſtraight line, i. e. the ſhorter the Arc 
(See Plate 12. Fig. 2.) the worſe the performance of the Clock. 


lance, 
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lance, and to number its Fibrations; ſhould be 
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made no larger or heavier, than 1s abſolute] 7 NE 

ceſſary, to perform their reſpectivè offices with 
ſafety; and the judicious mechanic may diſplay 
his ſkill, by duly proportioning the ſtrength of 
cach wheel, and the ſeveral parts thereof, to the 


preſſure it has to ſuſtain. 


439. Some are inclinable to think, that 
great advantage is gained by having large wheels, 


as they may be executed with greater accuracy : 


but when the theory of  wheel-work, and the 


proper methods of execution, are thoroughly un- 
derſtood, this imaginary advantage will vaniſh. 
440. But, the diſadvantages of large heavy 
wheels, are of more weight, for heavier wheels re- 
quire thicker pivots, which increaſes the influence 
of the oil in proportion to the ſize of the pivots ; 
and the friction, in the proportion to the ſize of 
the pivots, and weight of the wheel, jointly ; 
which diminiſhes the maintaining power : as 
does alſo, the vis inertiæ of the Wheels; which 
increaſes as their weight, and is to be overcome 
at each Vibration of the Ballance, 

441. Ou the whole it appears ; that, the more 
Watches approximate Clocks in point of main- 
taining power, and momentum of the Ballance, 


uy 


the more is their performance improved (413) : 


and that, though an increaſe of external ſize is 
neceſſary to acquire thoſe advantages; it is not 
always a certain proof of their being acquired. — 

1 2 J no- 
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IJ now come to the fifth article, wherein Watches 


differ from Clocks. 


CLocks are fixed in their place, but 
WATCHES are portable. 


442. As the above ditterence gives riſe to an 
error in Watches, to which Clocks are only in a 
very ſmall degree liable; I all endeauvrur to 
bew, by what means any EXTERNAL MOTION of 
a Watch does influence its times of Vibration: 
what kind of motion has the greateſt influence : 
and by what means thoſe influences may be 
evaded or corrected. 

Plate 12. Fig. 1. repreſents a machine 
i to illuſtrate this theory experimentally. 

AB C D, is a ſquare board, or frame, on 
which moves round a hollow Dene, (through 
which theverge or axis of the Ballance paſſes). 

E F G, a round board, or plate of metal, to 
which 1s hacked the one a of a ſpiral Spring : 
the other end of which is fixed to a ſmall collet 
near the center of the Ballance N O, in every 
reſpect in the ſame manner as the Ballance 
Spring is applied in Watches. 

L M, a ſcale fixed to the board E F G, and 
. ſhew the relative motion of the eee 
therewith; by means of a mark made on the 
Ballance (when at reſt) oppoſite the middle of 
the ſcale : hence, as this mark recedes from, or 

I approaches 


"WA T-CH-W. OK K. 141 
approaches the middle of the ſcale; the Bal- 1xrLvexcs or 


- . x EXTERNAL Mo- 
lance is ſaid to recede from, or approach, its Tiox. 


POINT OF REST. OM 


I K, is a ſcale on the board AB C D, hav- 
ing holes in it correſponding with the diviſions 
of LM; by means of a ſmall pin occaſionally 
put in either of theſe holes, the board E F G, 

(when diſengaged from the catch H), may be 
made to move any number of ſpaces, and with 
different velocities, by the action of a weight or 
weights, ſuſpended to the end of a ſmall pliable 
cord, which is applied round the circumference 
of the board E F G, and paſſes over a pulley at B. 

444. Now if the board E F G, repreſent the Ute of the ma- 
frame of a Watch, and N O, the Ballance : and 28 
the former be made to move any number of 
ſpaces on the ſcale I K; the influences of ſuch 
motion on the Ballance, with Springs of dif- 
terent ſtrength, Ballances of difterent weight, 
and motions of difterent angles and velocities, 
will be given on the ſcale L M; for it matters 
not, whether the ballance of a Watch deſcribes 
a certain number of degrees on the frame ; or the 
frame moves the ſame, and the Ballance remain 
at reſt ; for in either caſe, their relative motion is One tooth paſſes 
the fame, and will allow one tooth of the wheel (ave Vir 
which acts on the Ballance, to paſs at each rela- ; 
tive Vibration ; and the time ſhewn by a Watch 
depends on the number of ſuch teeth, that eſcape 
the pallets, whether owing to the ad/o/ute, or 
relative motion of the Ballance. 


4 


445˙ 1 
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IMPROVEMENT Of 
445. I ſhall therefore here ſuggeſt, a few of 
e many experiments, that may be made with 
this machine, to illuſtrate the influences of ex- 
ternal motion, 


Experiment. 


446. Let the ſpiral Spring be taken from the 
Ballance, and the Index F, be made to move any 
number of diviſions on the ſcale I K; the Bal- 
lance will retain its poſition by means of its vis 


inertiæ; and ſo be made to deſcribe as many 


ſpaces on the fcale L M, as the Index F, does 
on the ſcale I K “. 


Application. 


447. This experiment ſhews, that any exter- 


nal motion of a Watch, will c. p.) have the 


greateſt influence poſſible on its performance, 


when no Spring is applied to its Ballance (444); 
for in this experiment, the influence of external 


motion (ſhewn on the ſcale L M), is equal to 
the external motion, on the ſcale I K. 


Experiment. 


448. Let the point N, of the Ballance, be 
brought to the middle of the ſcale, and the whole 


— 


* Itis here to be underſtood, that the motion be not very ſlow z 
for in that caſe, the friction on the pivots might occaſion the 
Ballance to move with the ſcale, and preſerve its relative poſition. 


2 machine 
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machine be moved in a ſtraight line, with any 
velocity, or in any direction, the relative poſi- 
tion of the Ballance and frame, will be no wiſe 
altered by ſuch motion. 


Application. 

449. This experiment ſhews, that rectilineal 
motions do not influence the times of Vibra- 
tion (442): but it is here underſtood, that every 
foint of the machine, as well as its center of gra- 
vity, deſcribes a ſtraight line; for in ſuch caſe 
only, will the machine keep parallel to its firſt 
poſition, on which alone the property de- 


pends . 
Experiment. 


450. Let a long beam of wood be fixed at 
right angles to an axis, round which let it move 
on pivots: if the above machine be attached to 
the beam, at any diſtance from the axis, in ſuch 
manner, that the plane of the Ballance be paral- 
lel to the axis of the beam, the relative poſition 
of the Ballance with its frame, will not be altered 
by any motion of the beam round its axis, what- 


* — — — — 


8 


'* Though rectilineal motion does not of itſelf any how in- 


fluence the times of Vibration: it may, by increaſing the fric- 
tion on the Ballance pivots, alter the length of Vibration, and 
by that means introduce the effect of any imperfection of the 
Ballance Spring and pallets : but in Watches where theſe are per- 


tect, ſuch friction will not alter the times. 
ever 
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IMPROVEMENT OF 


ever be the angle or velocity of ſuch motion, or 
the diſtance of the machine from the axis. 


Application. 


45 1. This experiment ſhews, that no curvi- 
lincal motions, that do not in ſome degree, in- 
cline to the direction of the Vibrations of the 
Ballance, can influence its times of Vibration “. 


Experiment. 


45 2. Let the foregoing experiment be re- 
peated, with the axis of the Ballance parallel to 
that of the beam; and the relative motion of 
the Ballance on its ſcale, will always be as the 
angle deſcribed by the beam, without regard to 


é 


— 


Therefore a Watch carried on ſhipboard cannot have its 
times of Vibrations influenced by any motion, or motions, 
whoſe axils are parallel to the plane of the Ballance. Hence the 
beſt poſition for a Watch that is carried on ſhipboard, is to have 
the plane of its Ballance nearly parallel to the decks : (unleſs 
ſome internal defect, ari/ing from the execution, ſhould render the 
performance more imperfect in this than in its other poſitions.) 
It is alſo to be obſerved, that the beſt place in a ſhip for laying 
a Watch in, is near its center of gravity ; for here the agitation 
is the leaſt. It may poſſibly here be enquired, From what in- 
ternal defects a Watch does meaſure time differently, in its dif- 
ferent poſitions? But ſuch enquiry being entirely foreign to the 
general theory of Watch- work, (the defect ariſing ſolely from 
imperfections of execution) I ſhall only here obſerve, that if a 
Watch is adjuſted in ſix poſitions, at right angles to each other, 


it will meaſure equal time, in all the other poſitions into which 


it can poſſibly be put; they being all compounded of the for- 


mer. 
the 
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the place of the machine, whether at the center, Iarturver or 
EXTERNAL Mo- 


extremity, or any intermediate part of the beam. 710. 
1 I 


Application. 


453. This experiment ſhews, that the in- EfeAs of curyi- 
fluence of any curvilineal motion, even in the — 
direction of the Vibrations of a Ballance, does 
only take place c. p.) in proportion to the angle, 
which it would make the Ballance deſcribe 
round its own axis (446); which is always equal 
to the angle moved by the beam *), without re- 
gard to the diſtance of the machine from the 
axis, or center of motion: and thus we ſee, why Watches more in- 
the Vibrations of a Ballance are much more di- fu<nced in the 


. 1 a pocket than on 
ſturbed in the pocket, or in a carriage, than on ſhipboard. 


ſhip- board. 
454. The reſult of the fourth experiment may Curvilineal motion 
alſo be expreſſed thus: The influence of any ex- ered. 
ternal motion, on the times of Vibration of a 
Ballance, is, (c. p.) as the deviation which ſuch 
motion occaſions in the paralleliſm of the ma- 
chine from its former poſition 3 which alſo (by 
29 of 1ſt of Euclid), is always equal to the angle 
deſcribed by the beam. See Plate 1 2. Fig. 3. 
455. The following experiments all tend to Etattic force of the 


prove, that the influence of external motion, is, bins Giminithes 


the influence of 


in all cafes, diminiſhed, by the application of a external motion. 


See Plate 12. Fig. z. 


Spring 
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Spring to the Ballance ; and that, in proportion 
to the ſtrength of the Spring ; the Ballance re- 


maining the ſame, 


Experiment. 


456. Let a Spring be applied to the Ballance, 
as repreſented in the Fig. and the index F, be 
made to move any number of diviſions on its 
ſcale (as in former experiments) ; the motion of 
the point N, on the ſcale L M, will be dimi- 
niſhed by the exertion of the Spring; and with 
Springs of double and triple, &c. ſtrength, it will 
yet be diminiſhed c. P. to a half and a third, 
&c. 

457. But a Spring of double or triple, &c. 
ſtrength, would make the ſame Ballance vibrate, 
double, triple, &c. the number of Vibrations in 
the ſame time; therefore, (456) the influences 
of external motion an a ſingle Vibration of a Bal- 
lance, will be diminiſhed with the time of its 
Vibration. Hence, alſo 

458. In all Watches having equal trains, the 
influence of external motion is, c. p. the fame, 


without regard to the ſtrength of their relative Bal- 


lance Springs : for in each, the weight of the 
Ballance, muſt have the fame proportion to the 
ſtrength of the Spring (409), and an increaſe of 
the former augments the influence of external 
motion, in the ſame proportion, that an increaſe 


of 


Arn. 


of the latter diminiſhes it: as may be proved ex- 
perimentally, by applying rings of different 
weights to the Ballance, (by means of the ſmall 
holes at N and O,) fo as to double or triple its 
weight with the ſame Spring. 

459. And though ſome of the foregoing ex- 
periments are made on Ballances that have neither 
the action of a Spring or wheels, to give them 
motion (446, 418, 450, 45 2), and all the others 
on Ballances at reſt (4.56, 45 8, where the external 
influence always generates motion in the Ballance, 
which is not the caſe with a Ballance that per- 
forms its Vibrations during the experiment; for 
its motion will be zucreaſed or diminiſhed, as it 
happens in the ſame, or a contrary direction with 
the external motion. Bur, 

460. The relative influence on a ſingle Vi- 
bration, would be the fame as above ſtated, 
whether the Ballance was at reſt, or vibrating, 
at the beginning of each experiment : or whe- 
ther the external motion happens to oppoſe, or 
conſpire with, that of the Ballance : See Sir 
Isaac NEwToN's II. law of motion“. 

461. Having thus laid a foundation, for di- 
minithing (443, 449, 454), as well as eſtimating, 
the influence of external motion, on a ſingle Vi- 


* Hence thoſe Watches whoſe Ballances, when at reſt, are 
leaſt liable to be diſturbed, or begin their Vibrations by the in- 
fluence of external motion, have their Vibrations alſo leaſt in- 
fluenced. 
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power. 


If two Vibrations 


te performed, the 


one corrects the 
other. 


IMPROVEMENT OF 


ration: I now come to conſider its effect on 
many. 

462. If a Watch be ſo placed in a ſhip, that 
the axis of the Ballance lies parallel to the axis 
of the ſhip's greateſt motion; and the angular 
motion of the ſhip be equal, to the angle of Vi- 
bration of the Ballance, and performed in the 
ſame time: if thoſe two equal angular motions 
happen to oppoſe each other, the former will de- 
{troy the latter (452, 4.53), and the Watch come 
to reſt, But, 

463. If the angular motion of the Ballance 
had been double that of the ſhip ; the latter 
could only have deſtroyed one halt of the former 
(453). And therefore, 

464. The influence of external motion will 
be (cet. par.) in the inverſe proportion of the 
angle of Vibration of the Ballance to the angular 
motion of the {hip (462). But the angle of Vi- 
bration increaſes, with the maintaining power ; 
therefore, the influence of external motion is di- 
mniniſhed by increaſing the maintaining power 
4023). 
| Fr. 5. If one Vibration only, be performed du- 
ring one motion of the {ſhip ; it will be accele- 
rated or retarded (460) in the above mentioned 


proportion (464): but if wo Vibrations be per- 


formed, each will receive half the influence, that 


is, the oe will be accelerated as much as the other 


is retarded (460); and conſequently, both be per- 
formed 
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formed in the ſame time, as if no external cauſe 


had influenced them: Thus, 
466. Vibrations of half the duration have a 


duplicate advantage ; for the fame cauſe, will 
only produce half the effect (4.52), and they alſo 
have a double chance of correcting each other 
(465) : add to this, that if the whole cauſe did 
take place, its effect would be diminiſhed by the 
ſuperior ſtrength of the Spring (4.56). Hence, 

467. The influence of external motion, on the 
performance of a Watch is diminiſhed, at leaſt in 
the inverſe duplicate proportion of its train: (or 
number of beats in a given time). And there- 
fore, 

468. If two Watches be made in every reſpect 
alike ; only that the one ſhall vibrate five, the 
other fix times in a ſecond, the relative influences 
of external motion on thoſe Watches will be, 
inverſely as the ſquares of their number of Vi- 
brations : hat is, on the former, to the latter, as 


36 to 25: Hence *, 
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ration have dupli- 
cate advantagc. 


The total inffu- 


ence of external 


motion in the in- 


verſe duplicate 
proportion of the 
train. 


Application. 


469. We may reaſonably entertain hope of Iaference. 


diminiſhing the influence of external motion by 
ſuch means, (and without any additional parts) 
to ſuch a degree, as will ſcarce leave a chance of 
a Watch with one Ballance, ſtopping in the 
pocket. 


1 


* It is here ſuppcſed that the angles of Vibration are equal 


in ſuch Watches. 
470. And 
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"x FEVINER n 470. And this merits the more ſerious atten- 
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riox. tion, that it ſeems the ozly means of introducing | 
OE PP 


firong Ballance Springs and heavy Ballances, into 
1 Pocket-watches; for until the chances of ſtoping 
firong Balance (or ſetting) in the pocket, are much more dimi- 
gs niſhed than at preſent * ; we mult continue the 
Half timing, Practice of HALF-TIMING ; that is, rendering the 
wier exertion of the wheels equal or nearly ſo to that 
of the ſpiral Spring, on the Ballance, at beginning 
of its Vibrations : the diſadvantages of which, and 
the advantages that may be gained by a contrary 
practice (468, 469), will appear more evident, 
by peruſing what is ſaid in the former Eſſay from 
(70 to 79); which is equally applicable here 
(413). 
ObjeQion. 471. I doubt not, that ſome will here remark, 
that every Vibration has its friction, &c. and con- 
ſequentiy, that by increaſing the number of Vibra- 
tions in a given time, the friction and influ- 
ences of the oil are alſo increaſed, and the per- 
formance thereby much hurt, and the parts 
ſooner impaired. But, 
To be anſwered 472. Thus mentioning the dreaded evil, 
n may here convince, that it has not eſcaped nc- 
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* Thus it appears, why the Ballance Spring, in all Pocket- 
watches, is made nearly of the ſame ſtrength with the action of 
the wheels: for if a Watch having a ſtrong Spring, and heavy 
Ballance, happens to ſet in the pocket, by means of any ſudden 
þ jolt, it muſt continue at reſt, till again put in motion by its 
| wearer, or ſome other motion equally violent. | 
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tice: and before this Eſſay is concluded, I ſhall I*yLvexce or 


I EXTERNAL Mo- 
endeavour to ſhew, not only, that the train may T:ox. 
be increaſed to the degree already propoſed (468 
but even doubled, without increaſing the total 
influence of the oil, or friction, beyond what now 
takes place in the beſt horizontal Watches with 
common trains : not to mention the diminution 
that a due increaſe of maintaining power may 
occaſion in the effect of ſuch influence of the 


oil. (413. 161 to 164.) 


473. Having now pointed out the means Introduction to the 


means that have 


that appear to me, the moſt {imple and advan- 
tageous, for diminiſhing the influence of external 
motion in ALL PORTABLE MACHINES ; and the only 
means by which it can be diminiſhed in Pocket 
Watches, with oe Ballance ; to ſuch a degree as 
to admit of a general reformation of principle 
(470), I ſhall now mention the means that have 
been heretofore uſed for this purpoſe; left I 
ſhould be accuſed of having here invidiouſly paſ- 
ſed them in filence. 

474. Dr. Hook about the year 1658 applied Pr: Moors me- 
to Watches, 7wo equal Ballances, ſo pots { : 
that they ſhould vibrate equal angles, but in con- 
trary directioms; by which means the one muſt 
always be accelerated as much as the other is re- 
tarded, by the influence of any external motion; 
and 7 their nean motion could never be alter- 
ed by any external influence. 

475. It 


4 


already been uſed. 
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47 5. If the experiment (446) be made with 
the machine repreſented in Plate 13. Fig. 1. 
each Ballance will have the ſame relative motion 
with the frame; and thoſe parts of their circum- 


PLATE XIII. ference that are neareſt each other will have 


FiG. 1. 


Its inconvenien- 
Cies, & c. 


equal relative velocities in contrary directions (as 
repreſented by the darts) and the Ballances are 
ſuppoſed equal alſo: therefore, if their circum- 
ferences be any how connected, thoſe equal and 
contrary motions of the Ballances will correct 
each other 

476. The above very ingenious contrivance, 
proves its author to be intimately acquainted with 
the laws of motion, and quick in their appli- 
cation: but here the practice falls ſhort of the 
theory; for when the Ballances are connected b 
means of teeth, there ariſes a reſiſtance, which, 
however ſmall, when applied in this 7o/? delicate 


part, will tend to diminiſh the momentum of the 


Ballances; and if the leaſt irregularity of action 


—— cc — — — 


have ſeen a Watch, made in the year 1715, with inten- 
tion to diſcover the longitude, (as appears by an inſcription on 
it) in which, amongſt ſeveral laborious contrivances applied, 
were two Ballances ; each of which had on its axis a pinion, 
and both of them were moved by the ſame wheel, on whoſe 
axis were the pallets (ſee Plate 13. Fig. 3.): by which means 
both Ballances were made to move in the /me direction, and 
conſequently (475) rendered as liable to the influences of ex- 
ternal motion, as one Ballance. This ſhews, how general rules, 
or even the beſt principles, may be miſapplied, when their 
elements are not properly underſtood, 

ſhould 
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ſhould take place near the extremity, or vertex 
of the Vibration, it muſt be attended with the 
moſt pernicious effect. But, 

477. In order to diminiſh the above incon- 
veniencies, the Ballances were connected by 
means of two ſmall wheels, fixed on the arbors 
of the Ballances, as repreſented by Fig. 2. Plate 
13. and though ſome ingenious means have 
been uſed, to evade the irregularities of action in 
ſuch wheels, I paſs them here, as alſo attended 
with their inconveniencies, and in every reſpect, 
leſs fit for general uſe. 

478. Mr. HucENS has, in his Marime-clocks 
already mentioned (216), uſed a different method 
of removing the influences of external motion 
by preſerving the paralleliſm of poſition (4.54) 
but though this might, if perfectly attained, have 
the deſired effect on the Vibrations of a Ballance, 
where the centers of gravity and motion coin- 
cide; it would by no means have the ſame effect 
on the Vibrations of a Pendulum (where they 
do not); but the Pendulum can never be ren- 


—— 


LE vw » 


It is not improbable that this method and manner may, 
with ſome further improvements, be yet applied to good pur- 
poſe in Pocket- watches; in which caſe the weight of the Bal- 
lances, and ſtrength of their Spring, (or Springs) may be in- 
creaſed at pleaſure. But it ſeems not clear, that diminiſhing 
the ſize of thoſe wheels that connect the Ballances, to any 
great degree, is advantageous, ſince by ſuch means each tooth 
mult ſubtend the greater angle at the center of the Ballance ; 
and conlequently be the more liable to the inconveniency men- 
tioned in Par. 476 
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dered fit for any portable machine, even at fea, 
tor reafons too many to be kh mentioned, 
as no material advantage occurs to me that woukl! 
— 

9. Mr. Foun HazrisoN of Red Lion Square, 
We ba 3 of his three large machines for mea- 
furing time at fea, united both thoſe methods of 
diminifhing the influences of external motion ; 
and difplayed great mechanical abilities, in di- 
minithing the friction, and making the centers 
of gravity and univerſal motion of the whole 
machine, more nearly to conicide than in Mr. 
Hvocrns's Clocks: but I avoid any remarks on 
the properties, &c. as there is reaſon to expect a 
full account of all his ingenious performances 
will be ſoon made public. 

480. Having thus mentioned the different 
methods that may be uſed, for diminiſhing the 
influences of external motion (468, 474, . 
J ſhall conclude with a few remarks on their rela- 
tive advantages. 

481. Mr. Hucrns's method, from its nature 
and ſize, can never be applied to Pocket-watches ; 
and therefore its uſe is wholly confined to ſuch 
machines as are carried on ſhip-board: nor can 
its effect in thoſe be perfect, unleſs the center of 
gravity of the whole machine coincide with its 
center of univerſal motion, and the friction of its 
ſuſpenſion be totally annihilated : 72 which caſe, 
though the whole machine would have ro ter- 


4 dency 
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dency to vibrate, it would retain any poſition, 


which by accident it had got: and thus, a new 
inconvenience and error in the performance 
might ariſe, owing to the machine going in an 
unuſual poſition ; (probably upſide down) ; nor 
can the friction of ſuſpenſion ever be removed 
to fuch a degtee as to prevent this inconvenience : 
if it could, THE LONGITUDE might be aſcertained 
without any meaſure of time. Let us then con- 
ſider the effect of rendering the center of gravity 
ſo much lower than the univerſal center of mo- 
tion, as would regain the former pofition of the 
machine, if by any means loft. It is obvious that 
by ſuch means, the influence of any motion of 


the ſhip, would be diminiſhed during its time of 


continuation ; but the effefs of fuch motion 
would be continued while the machine retained 
thoſe Vibrations, of which the ſhip's motion 


was the firft caufe (453) *; from which it would 
ſeem, that a diminution of friction continues the 


effect for ſeveral Vibrations, if it diminiſhes it in 


one: hence, it is more calculated to diftribute the 
influence of the ſhip's motion among many 
Vibrations, than to deſtroy it +. 


—— — —— 


And every Vibration of the machine will have the ſame ef- 
fe, as if the ſhip had moved an equal angle (453). 

+ This method of preſerving the paralleliſm of the machine 
may 1n ſome caſes be uſed, to remove the riſque of. tome parts of 
the machine being diſplaced, bent, or broke. 
poles very great imperfection in the conſtruction, 
# 


But this ſup- 
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IMPROVEMENT OF 
482, Dr. Hookx's method, with a double Bal- 


lance, would moſt certainly hain all the deſired 
effect; if the inconveniencies already mentioned 


could be removed (476); in which caſe, it would 
in every reſpe& be ſuperior to Mr. Hucens's : 
for it would totally remove the influences of any 
external motion; by which means every advan 
tage of a heavy Ballance and Jrong Spring might 
be introduced, even into Pocket-watches. 

483. The method propoſed for diminiſhing 
the influence of external motion by increaſing as 
train (468), 1s entirely free from the inconveni- 
encies of Dr. Hook's (479); and if the influence 
of the oil, on the Ballance pivots, be increaſed in 
the 2 as the number of Vibrations; it is 
doubled in the /azter, by having twice the number 
of piv ots: and when we conſider, that by ſhort- 
ening the time of Vibration, the influences of 
the external motion is alſo reduced (466) 3 
that if the time remained the ſame, the in- 


fluences would be diminiſhed, as the weight of 


the Ballance to the ſtrength of the $ pring (450) ; 
that when two Vibrations are performed during 
one motion of the ſhip ; the one correcis the other 
(465) : and hence, that it is, e odd Vibrations 
only, that are influenced ; and that, in the in- 
verſe duplicate ratio of its time, to that of the 
external motion (464, 465), that the more fre- 
quent (or quick) the Vibrations, he ore com- 
meaſurable do the times of two Vibrations become 
ta 
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to the time of one motion of the ſhip ; and if I*r.vexce or 


we add to this, that by thus diminiſhing the in- 


. ET, — —_— 
fluences of external motion, we alſo diminiſh 


the proportion that the maintaining power bears 
to the whole motive force of the Ballance ; we 
ſhall ſee good reaſon for preferring this, to any 
other method, /o far as the nature of materials 
aud oil will admit. 


484. Having thus endeavoured to ſhew, how Concluſion. 


external motions influence the times of all por- 
table machines ; and what are the advantages, 
&c. of each method of diminiſhing ſuch influence“; 
I next enquire into the advantages that may be 
gained by the different ways of increaſing the 
momentum of a Ballance. 


— — 


—— 


* It has already been obſerved, that when any external mo- 
tion oppoſes that of the Ballance, the utmoſt effect it can have 
is to ſtop the Watch. On the other hand, if it increaſes the 
motion of the Ballance, its utmoſt effect will be, to make the 
Ballance BANK ; 1. e. to make it ſtrike againſt the limits of its 
greateſt Vibrations : for by this means ſeveral ſubſequent Vibra- 
tions are ſo much accelerated as to become very ſenſible to the 
ear. But this evil may be very much diminiſhed, if not anni- 
hilated, by making the Ballance communicate its exceſ of mo- 
lion to ſmaller ones, which have no concern with the meaſure of 
time, and againſt which the main Ballance is made to bank, as 
repreſented by the 4th Fig. of Plate 13th, where the ſmall ſpiral 
Spring ſerves only to keep thoſe Ballances to a certain poſition, 
in which the other may always find them. 


of 


EXTERNAL Mo- 


TION. 


158 


Introduction. 


Motive force of 
the Ballance. 


It bears a greater 
proportion to the 
action of the Bal- 
I: nce wheel in 
long than in ſhort 
Vibrations, 


IMPROVEMENT OF 


Of the Momentum of the Ballance. 


485. Since the exertion of a Spring is as the 
{pace to which it is bent (408) ; it fellows, that 
it no other force actuate the Ballance, its motive 
force will be, in all its Vibrations, as the length 
of the Vibration; and conſequently, e ſpaces 
deſcribed, and the motive force, will be expreſ- 
{ed by the ſame numbers. 

486. And if in half-timed Watches the ſhorteſt 
Vibration, that can allow the wheel to eſcape the 
pallets, be expreſſed by one: the maintaining 
power will alſo be expreſſed by one (470), and the 
motive force of the Ballance, be equally compoſ- 
ed of the action of the wheels, and Ballance 

ing. But, 


487. If the Vibration be increaſed by the ac- 


tion of the wheels accumulated in the Ballance, 


as 2, 3, 4, 5, 6, &c. the exertion of the ſpiral 
Spring will increaſe in the ſame proportion (485); 
and the maintaining power (remaining the ſame) 
will only conſtitute , , =, =, =; &c. of 


the motive force of the Ballance . Hence, 


*. And ſince the proportion of the whole motive force of the 
Ballance to the maintaining power, is thus increaſed as the 
length of the Vibration, it follows, that every endeavour ſhould 
be uſed to enlarge it; and that ſuch changes as may happen in 
the maintaining power, will cauſe leſs error with long than ſhort 


Vibrations (80). 
488. Any 
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488. Any change that happens in the main- 
taining power, wilf bear a leſs proportion to the 
whole motive force of the Ballance, in its longer 
Vibrations than its ſhorter ones, and confequently 
(80), will leſs alter the times “. 

489. The influence of external motion is alfo 

diminiſhed, by increafing the angle of Vibration 

(464); therctore (488), every Roar ſhould 

be uſed to enlarge it, and to remove every cauſe 

that can have any tendency to diminifh ?: as 

friction, influence of the oil, and the reſiſtance 
of the air; of which hereafter. 

490 And thus it appears (488, 489), how 


advantageous it is, 70 increaſe the MOMENTUM of 


the Ballance, 4% increaſing its length of Vibra- 
tion; and the length of Vibration increaſes with 
the maintaining power: hence, &c. 

491. But the velocity, and conſequently the 
MOMENTUM of a Ballance, may be increaſed, by 
enlarging its diameter and though this method 
does not diminiſh the influence of external motion, 


it does the riſque of breaking or bending the 


Ballance pivots, by a fall or any other violent 
motion ; but it the friction on the pivots be di- 


— 


On this account, when the oil becomes glutinous on 1 the 
Ballance pivots, the Vibrations become ſhorter, and ſenſibly 


quicker, even though the diminution of recoil has a contrary 
tendency, 


miniſhed 
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Influence of exter- 
nal motion leaſt, 
in long Vibrations. 


Concluſion, rela- 
tive to the advan- 
tage of long Vi- 
brations. 


Increaſed by aug- 
menting the 
diameter of the 
Ballance, &c. 
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MomnEnTUM or 


THE BALLANCE. 


mm U— 
Increaſed by aug- 


mentingthe weight 
of the Ballance, 


&C. 


Roth ways com- 
pared, &c. 


Increaſed by the 
number of beats, 
with the advan- 
tages therefrom. 


IMPROVEMENT OF 


miniſhed by this means, e reſiſtance of the air 
is augmented *. 

492. Since the MoMENTUM 7s as the quantity 
of matter into the velocity, it may be augmented 
by increaſing the former, as well as the latter: 
hence, a Ballance of twice the weight c. P. 
have double MomenNTUM; and an equal effect in 
correcting the irregularities of the maintaining 
power, as one of twice the diameter, and halt 
the weight. 

493. And if the friction on the pivots be in- 
creaſed as the weight +, the reſiſtance of the 
air will be diminiſhed in the duplicate proportion 
of the diameter : hence the only article which 
renders this method of increaſing the momentum 
interior to the former (491), is the greater riſque 
of the pivots, by falls, &c. 

494. Laſtly, if the vouenTuUM be augment- 
ed by increaſing the ſtrength of the Ballance 


Spring, and conſequently the number of beats ; it 


b — — 


* And unleſs all the Vibrations of the Ballance and Spring 
are truly iſochronal in their detached ſtate, and the maintaining 
power be ſo applied as not to diſturb thoſe natural properties, 
any change that happens in the denſity of the air, will, by al- 
tering the length of the Vibrations, introduce ſuch errors; and 
that more or leſs, (c. p.) in proportion to the total increaſe of 
reſiſtance. 

+ The friction on the Ballance pivots may be much dimi- 
niſhed, by applying two Springs to the Ballance, attached to 


its collet, diametrically oppoſite to each other, as in Plate 12. 


Fig. 4. 
T See Note 491. 
will 
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will have all the advantages of the former me- Momgurvs or 


thods in correcting the effects of any irregulari- GI 
ties of the maintaining power: and, if it increaſes 
the friction on the pivots, and the reſiſtance of 
the air; it diminiſhes the influence of external 
motion (460), to ſuch a degree, as to prevent the 
danger of a Watch ſetting in the pocket : and by 
that means paves the way for ſuch increaſe of 
momentum, by either or both the methods laſt 
mentioned (491, 492), as may give to the Bal- 
lance in Watches, the ſame advantages in regu- 
lating the motion of the Wheels, as Pendulums 
have in Clocks. 

495. And thus, may the performance of Concluſion. 
Watches be made, in this reſpect, to approxi- 
mate that of Clocks, as much as the nature of 
things can probably admit: and if due regard 
be paid to what has been formerly ſaid concern- 
ing the influence of external motion (4.51), any 
further attempts of diminiſhing its effect on ma- 
chines carried on ſhip-board, will be rendered 
unneceſſary, even for the nicer purpoſes of navi- 


gation. 
Of the THERMOMETER. 


496. In order the better to inveſtigate the tytroeution. 
real effect of each particular cauſe, the tempera- 
ture of the air, has hitherto been conſidered as in- 


variably the ſame ; but now, the effect of ſuch 
Y changes 
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Influence on the 
main Spring. 


On the oil, 


Thoſe two influ- 
ences oppole each 
other, &c. 


Influence on the 
Ballance and 
Spring. 


IMPROVEMENT OF 


changes as happen therein, together with the 
moſt effectual means of removing them, claim 
our whole attention. 

497. Heat dilates, and cold contracts all me- 
tals ; hence, the main Springs of Watches, &c. 
act more or leſs vigorouſly in proportion to the 
degree of heat or cold to which they are expo- 
ſed: and if no other cauſe of error took place in 
Watches, with pallets of the common conſtruttion, 
they would go faſter in cold than in warm wea- 
ther, 

498. Cold renders oil thick, and warmth 
makes it more fluid: and if this cauſe alone, 
took place, it would (by an increaſe of the main- 
taining power), make Watches go faſter in warm 


weather than in cold. But, 


499. As the immediate influence of heat, on 
the main Spring, tends to diminiſh the maintain- 
ing power (497), and its influence on the oil ap- 
plied to the pivots, to increaſe it (498), thoſe 
two errors muſt, at leaſt in part, corre& each 
other: and the effect that any remainder thereof 
would have on the meaſure of time, may be to- 
tally annihilated, by conſtructing the pallets, ſo 
that the maintaining power, ſhall prolong the 
time of one half the Vibration, as much as ii 
contracts the other. Of which hereafter, 


500. Heat lengthens the Ballance Spring, 


and enlarges the diameter of the Ballance, both 
which effects co-operate in making the Watch go 


4 ſlower ; 
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lower; and the contrary ; and as thoſe effects Or ung Tak 
are wholly independent of the pallets, they muſt 
be corrected by ſome other means, 

cor. The time of Vibration of a Ballance de- The time of Vi- 
ends (c. p.) on the length of ſuch part of its ad an the 
Spring as acts in the Vibration, without regard eee“ 
to its whole length: and therefore, if the ſame Spring. 
cauſe, that enlarges the diameter of the Ballance 
be made to ſhorten the acting part of the Spring 
in a due proportion; and the contrary ; the 
times of Vibration will remain the ſame. 

502. I ſhall therefore here deſcribe one method Introduvion torhe 
of adjuſting the length of the Spring to the dia- Thermometer, 
meter of the Ballance, in ſuch manner, as will RTE 
render the times of Vibration equal, wit houẽ re- 
gard to the degree of heat or cold to which the 
Watch is expoled : and though the THERMO- 

METER here to be deſcribed, is adapted to an un- 
common conſtruction of a Watch, wherein the 
Spring lies above the Ballance; when the prin- 
ciple is properly underſtood, the ingenious me- 
chanic will eaſily diverſify the contrivance, ſo as 
to ſuit his particular purpoſe. 

503. Fig. 1. Plate 14. is a ſteel ring with ſe- PLATE XIV. 
veral pins to it ; on which are fitted as many 
{mall rollers as repreſented in Fig. 2; to this ſteel Deſcription. 
ring is ſcrewed one of braſs, cut as repreſented in 
the fame Figure, and made by its elaſtic force to 
preſs againſt each of the ſmall rollers, which li- 
mit the extent of its circumference. 


"M0 504. Now 
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504. Now as the expanſion of braſs exceeds 
that of ſteel, it is evident, that any heat applied 
to this double ring, will bring the ends of the 
braſs ring nearer to each other; and cold will have 
a contrary effect: and ſince the one end is 
ſcrewed to the ſteel, its exceſs of expanſion or 
contraction will become very ſenſible at the other 
end; and may be aſcertained to a nicety, by ap- 
plying a ſlender Index, as repreſented by the 
dotted lines in Fig. 2. And 

505. If this braſs ring be made to act on the 
one end of a lever (moving concentric to the 
Ballance), and to the other end of which, the bal- 
lance Spring is attached (as repreſented in Fig. 3.); 
the expanſions and contractions of the braſs ring 
may be made to move the Ballance Spring be- 
tween two pins, ſo as to limit its action in ſuch 
manner as will render its exertion, in all caſes, 
proportioned to the diameter of the Ballance, 
and by ſuch means, render the Vibrations (ſo far 
as depends on this cauſe) iſochronal: The lever 
on which the braſs ring acts, and to which the 
Ballance Spring is attached, together with the 
Ballance Spring, and the pins which limit its 
action, are repreſented by Fig. 4. detached from 
all the other parts; and thoſe pins may be ren- 
dered moveable, ſo. as to regulate the Watch, 
without any how hurting the effect of the Ther- 
mometer. 

506. Fig. 
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506. Fig. 5. repreſents a method of increaſing * 
or diminiſhing the influence of the Thermome- ——,——- 1 
ter (without ſtopping the Watch), till the per- PLATE xiv. | 
formance in different degrees of heat and cold, 
prove it equal to its intended purpoſe : here the | 
braſs ring (503), acts on the lever to which the 1 
Ballance Spring is connected, by means of another 
lever, whoſe center of motion is moveable by l 
the ſcrew at A, ſo as to alter the effect, at plea- 1 
_— | 
507. Fig. 6. with its appendages, repreſent PLATE XIV. | 
ſeparately, and in different views, the levers, &c. 1 
of which Fig. 5. conſiſts (excepting the parts | 
| 


- ag of — DD en ee owes "qo 


repreſented by Fig. 2.) — Fig. 7. is a ſection of 
Fig. 5. along the line AB _ 

508. The advantages of this Thermometer Advantages of this 
are, that as all parts, of the ſurface of the braſs Thermometer. 1 
ring are fully expoſed to the ſame air, that in- 1 
fluences the Ballance and its Spring; it will be " 
influenced thereby, at the ſame inſtant with 1 


s 4a & # 4 


happen with Thermometers, that only expoſe | 


3 — os 1 


— 


See the properties of Clock Thermometers (328, to 331). 
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IMPROVEMENT OF 
part of their ſurface to the air, and are ſo con- 


only be heated or cooled with them; and conſe- 
quently, cannot apply the remedy before the evil 
has had its effect, at leaſt for ſome ſhort time. 
And, 
| 509. The performance of ſuch Thermometers 
will alſo be leſs liable to decay, through courſe 
of time, than in ſuch as have not all the parts of 
their metal, equally compreſſed or relaxcd by 
any changes that may happen in the temperature 
of the air. And, | 
510. As the different denſities of the air, 


have a tendency to alter the length of Vibration, 


and by that means introduce ſuch remains of 
error as may yet take place, from a want of abſo- 
lute natural iſochroniſmm in the Ballance Spring: 
it is proper here to obſerve, that as ſuch denſity 
of the air depends in a great meaſure, on the de- 
gree of heat or cold; its influences on the times 
of Vibration muſt have an uniform tendency, 
either to increaſe or diminiſh ſuch errors as ariſe 
from the influence of heat and cold on the Bal- 
lance and its Spring : and conſequently while 
ſuch error is in any degree ſenſible, it may be 
corrected by the Thermometer (506. ) 

511. FROM ALL WHICH IT WOULD APPEAR; 
that the influences of heat and cold, may be very 
nearly, if not altogether as much corrected in 

Watches 
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T/atches as in Clocks *; and the exertion of the 
Ballance Spring made to 5 the ſame pro- 
portion to the vis inſita of the Ballance, as much 
as the exertion of gravity does to the vis inſita of 
the Pendulum; and conſequently the Vibra- 
tions of the former be rendered as iſochronal as 
thoſe of the latter. 

512. I now come to conſider, ſveral articles 
relative to the nature of pallets, that may yet tend 
to influence the times of Vibration; and to point 
out reaſons why Watches conſtructed on the ho- 
rizontal principle, muſt in their preſent fare, 


erform much worſe than contrate wheel Watches. 


if the principle of the former was only equal to that 
of the latter. | 

513. It was formerly obſerved, that, zhe 
influence of heat and cold on the oil, was of a moſt 
pernicious nature, as no remedy could be applied 


by an oppoſition of the expanſion of metals 


(155); I therefore ſhall enquire into the compa- 
rative degree in which his influence takes place 
in horizontal Watches, and thoſe of the com- 
mon recoiling principle. 

5 14. It was ſhewn in the former Eſſay (168), 
that the influence of the oil was always c. P.) 
as the relative velocity of the parts to which it 
was applied: and hence, how it was to be eſti- 


5 


—__<J 


In Clocks, the influence of heat and cold may always be 
diminiſhed, while they remain in any degree perceptible. 
mated 
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THE OIL. . 
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oil, &c, 
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Comparative in- 


fuence on the ho- 


rizontal pivots. 


Influence of the 
Ballance pivots, 


I MPROYEMENT OF 
mated on each part of any machine (169); the 
ſame method i is obſerved in eſtimating its Ft Val 
ences 1n the following table, where all the com- 
parative dimenſions of the Pivots, Cylinder, Ho- 
rizontal-wheel and Ballance, are taken from an 
accurate meaſure of thoſe parts, by the SeQor. 


A TABLE ſhewing the comparative 
WF a. of the oil on the pivots of each wheel 
in a Watch, with a train of 18,000. 


— 


e 
Firſt wheel 7 2 1 
Minute wheel 6 4 36 
Third wheel 221 24 56 
F ourth wheel 23 240 600 
Horizontal wheel] 2 2400 4800 


416. Thus it appears, that the influence of 
the oil on the horizontal wheel pivots alone, is 
fix times as great as on all the others taken tage- 
ther : therefore, if the influence on all the pivots 
be expreſſed by 7, that on the horizontal wheel 
will be 6; and the influence on all the others, 
One (515): And, 

517. Becauſe the horizontal wheel has 15 
teeth, and every tooth has its puſh at each edge 
of the cylinder, it follows, that 30 Vibrations 
of the Ballance will be performed, 5 every re- 


volution 


4 4 
4 1 N 4 20 ne - * - - * 
. i Fa AN 


4 
* 
* 
» 
7 
* 
5 
K 
TY 
va 
_ , my 
* 
- &* p 
"+1 
- 
” 


W AT CHW .O'K:K; 


volution of the wheel: and if, at a medium, we 
ſuppoſe the Ballance to move one third of a turn 
at each Vibration, he motion of its pivots, in 30 
Vibrations (or one turn of the wheel), will be 
equal to Ten entire revolutions. Therefore, 

518. If the pivots of the Ballance, had been 
of equal fize with thoſe of the horizontal whee], 
the influence of the oil on the former, would be to 
that on the latter, as Io to 1; but the diameter 
of the Ballance-pivots, are to thoſe of the wheel, 
only as 3 to 4; and conſequently, the influence 
on the former will only be to that of the latter, 
(in round numbers), as 7 to 1. And 

519. The comparative influence on all the 
pivots of a Watch, may be expreſſed as follows. 


Or the nic {23 55:3 and 4 wheels together 1 


ee Horizontal wheel 8 
vors ot che Rallance — 558 42 
On all the pivots together. — 49 


520. And as the ſizes of the pivots, and 
number of revolutions, are the ſame in contrate 
wheel Watches, as in horizontal ones with the 
ſame number of beats ; the influences of the oil 
would be equal on the pivots in each, if uo recorl 
zook place: but let us on account of the recoil 
(or retrograde motion) ſuppoſe the influence on 


all the pivots of the wheels in the contrate Watch 
* to 


Py 
159 
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To that on all the 
others in a Watch, 
as 7 to 1. 


Comparative, on 
all the pivots of 
horizontal 


Watches. 


Influence increaſed 
by a recoil. 
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to be doubled; then will the total influence of 


—— — the dil on ſuch a Watch be expreſſed as below: 


On contrate wheel 


Influence on the 
edges of the cylin- 


for no oil is applied to its pallets. 


The firſt 4 wheels 2 
On the pivots of J The Ballance wheel 12 
The Ballance as formerly 42 


Total 56 


521. And thus it appears, that the total in- 
fluence of the oil on all the pivots of a contrate 
wheel Watch, is greater than in a horizontal 
Watch : but in the latter, oil is applied to the 
cylinder, the influence of which is yet to be 
added to that of the pivots. 

522. The influence of the oil on the acting 
part of the horizontal wheel, (1. e. on the edges 
of the cylinder), will be, to the influence on its 
pivots, at leaſt as the diameter of the wheel to 
that of its pivots (17 2); or nearly as 67 to 1; 
and conſequently, if the influence on all the 
pivots be expreſſed as formerly by 49 (5 19), the 
influence on the edges of the cylinder will be 
402. And, 

5 23. If the Ballance be ſuppoſed as formerly 
(5 17) to vibrate of a turn; the influence of 
the oil on the circular part of the cylinder, will 
at leaſt equal that on its edges; and conſequently 
may at a mean be expreſſed alſo, by 402: and the 

4 ole 


whole influence of the oil on a horigontal aich, X*rvincs or 


1 HE . 


as now conſtructed, will be as follows. 8 
On all its pivots — — 49 
On the cylinder — — 804 
Total 853 


524. The whole influence of the oil in con- Comparative on 


„ Horizontal and 


trate wheel Watches, has already been ſtated at 56 ; a and 
therefore, the comparative influences on horizon- Watches, 
tal and contrate wheel Watches are as 853 to 56, 
or nearly as 15, to 1. Hence, if the horizon- 
tal principle, was ozly equal to that of contrate 
wheel Watches with recoiling pallets, in all other 
reſpects, the errors in the performance of hori- 
zontal Watches, would be to the errors in con- 
trate wheel Watches, as 15 to 1; but expe- 
rience proves the contrary; and therefore, when 
the influence of the oil is rendered equal in both, 
the performance will clearly prove the ſuperiority 


of the horizontal principle, 

525. It is evident, that the influence of the How diminiſhed 
oil on the cylinder is c. p.) as its diameter (168) . e clnder. 
and as it may be diminiſhed, by reducing the 
ſize of the horizontal wheel, or by increaſing 
its number of teeth; let us enguire into the par- 


ticular advantages of each method. 
526. FirsrT, let the diameter of the wheel As the diameter of 


the wheel. 


be diminiſhed, as * at E, 4, 2, 1, Plate pr ATE xv. 
2 I, 
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15. then the cylinder, and conſequently the in- 
fluence of the oil on it, will be diminiſhed in the 
ſame proportion; for the cylinders bear the 
ſame proportion to cach other, as the wheci to 
which they are ſeverally adapted; (as expreſſed 
by the numbers annexed) *. But 

527. In this caſe, the friction, and conſe- 
quently the danger of tearing the cylinder, re- 
mains unalterably the ſame; for the preſſure of 
the tooth on the cylinder is increaſed, as the 
length of the tooth diminiſhes: as may caſily 
be conceived by viewing Plate 15. at E, where 
the preſſure is, (c. p.) inverſely as the diſtance of 
each tooth from the center of motion; i. e. in- 
ver ſely as the diameter of each Wheel. 

528, Let us then ſuppoſe, the number of 
teeth in the horizontal wheel increaſed ; it is 
plain, that the length of each muſt be diminiſhed 
as their number increaſes: and the diameter of 


the cylinder will alſo be diminiſhed as the length 


* The Figure in Plate 16. repreſents the manner in which 
the horizontal wheel acts on the cylinder; for when the tooth 
B has done acting on the edge of the cylinder, the tooth C drops 
on its outer circumference, on which it reſts, till the Vibration 
is performed, and the other edge of the cylinder comes within 
its ſphere of action; when it will begin to act wedge-like, and 
continue till the edge of the cylinder gets without the external 
| dotted circle, when the tooth will drop on the inner circum- 
ference, as repreſented by the dotted lines, (and by the cylin- 
der at D); and thus it continues to act on the edges, and reſt on 
we circumference of the cylinder alternately. 
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of the teeth; and therefore, (522, 525), the in- ISFLvexcs or 


fluence of the oil on the cylinder, will be dimi- ———— 
niſhed in each Vibration, as the number of teeth 
increaſes. And 

529. The friction in this caſe, is alſo dimi- Fridtion in each 
niſhed in each Vibration, in the inverſe propor- „e 
tion of the number of teeth: for the joint fric- proportion, 
tion of any number of ſmall teeth, rubbing on the 
edges of the cylinder, c. p.) will be equal to zhe 
Friction on one tooth, that ſubtends the ſame angle 
at the center of the wheel (5 27): See Plate 1 5. 
E 4; and the friction on the circular part of the 
cylinder, is diminiſhed in the ſame proportion as 
that on its edges (528) ; therefore, the total fric- 
tion, as well as influence of the oil on the cylin- 
der in each Vibration, will be inverſely as the 
number of teeth in the horizontal wheel: from 
which it naturally follows, that 

530. The train of a Watch may even be dou- Advantages of this 
bled, without any how increaſing friction or in- erbat. 
fluences of the oil on any part of the Watch ; 
the Ballance pivots excepted and thus may 
heavy Ballances and ſtrong Ballance Springs be 
introduced, without the riſk of ſetting, or dan- 
ger of tearing the cylinder, any more than with 
a common train (471), &c. Or, 

31. 1f the train remain the ſame, the in- 

fluence of the oil and friction, will be diminiſhed 
in every part of the Watch (Ballance pivots ex- l 
cepted) as the number of tecth of the horizontal 4 


wheel 4 
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Or eaLteT,&c. Wheel increaſes : thus, if the number of teeth in 
— the horizontal wheel be doubled, and the train 

remains the ſame ; the influence of the oil on 
the cylinder will be reduced to a halt (529) ; and 
the revolutions of all the wheels, and conſe- 
quently the friction, and influence of the oil on 
all the pivots, will undergo an equal diminution. 
Or, 

32. If the train and number of revolutions 
of each wheel, be continued the ſame ; the leaves 
of the pinions may be increaſed in the fame pro- 
portion as the teeth of the horizontal wheel ; 
and this will increaſe the action of zhat wheel on 
the cylinder; and conſequently enlarge the 
Vibrations, as well as diminiſh the influence of 
the oil on the cylinder (529) *. 

Concluſion. 533. From all which conſiderations it appears, 
that it is much more advantageous to increaſe 
the number of teeth of the horizontal wheel, than 
to diminiſh its diameter. 

Inconveniencies of 5 34. In the horizontal wheel now univerſally 

the dee eg. uſed, each tooth is formed into an inclined plane 

PLATE xv. or wedge, as repreſented in Plate 15. which 
acts on the edges of the cylinder, and by that 
means maintains the Vibrations ; and theſe teeth 


— —_— 
— 


* The friction, and irregularity of action in pinions, are di- 
miniſhed as the verſed ſines of the angles ſubtended by their 
leaves: thus, the friction and irregularities of action in a pinion 
of 6, is to that in a pinion of 9, as 2 to 1 nearly; and to that 
in one of 12, nearly as 4 to 1. 


aſter 
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after performing their office, reſt alternately on Or eareers, &c. 
the internal and external circumference of the 
cylinder; and therefore, the friction and influence 

of the oil on the cylinder, during the time of 

reſt of the wheel, will c. p.) be as the mean cir- 

cumference of the cylinder. 

535. But the inſide diameter of the cylinder, 
muſt be ſome what more than the length of the 
tooth, and the outſide will be yet increaſed by 
the neceſſary thickneſs of the cylinder; there- 
fore its mean diameter cannot with this con- 
ſtruction of a wheel be reduced to ſuch a de- 
gree as will render the application of oil unne- l 
ceſſary. But, | 8 [| 

536. If the cylinder be made ſo thick as to How remedies. 0 
admit of having that inclination formed on its 1 
edges, which is now formed on the face of the | 
tooth ; the teeth may then be made ſtraight 1 
without any wedge, and of the ſize of a ſmall 
needle; and this will admit of an equal diminu- 
tion of the inſide diameter of the cylinder, which 
will occaſion a proportional decreaſe of friction, 
during the reſt of the wheel thereon. And, 

537. If the teeth of ſuch wheel, be formed al- Ref performed on 
ternately on each fide thereof, (as in Fig. 3. Plate —— INE 
16.) they may always be made to reſt on the in- p; ATE vr 
fide circumference of the cylinder, thus reduced F:s. . 
(comparatively to a point; and by this means, 
the friction on the cylinder, during the time of 
reft, will be ſo much reduced, as not to require 

the 
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Alzantages of 
ſuch alteration, 


&c. 


Concluſon. 


PLATE XVI. 


F100 . 


Any power co- 
operating with 
the Ballance 


Spring, will acce- 


lerate the Vibra- 
tions. 


And the contrary. 


IMPROVEMENT OF 
the application of oil ; nor will the application 
of it, during the time of action of the wheel, be 
more neceſſary here, than in the common recoil- 
ing pallets. 

538. And this will improve the performance, 
not only by removing the influence of the oil 
from the cylinder, ſo as to bring horizontal 
Watches in that reſpect, on a par with thoſe of 
the common conſtruction (5 24); but alſo by di- 
miniſhing the friction on the cylinder, ſo as to 
make the ſame maintaining power ſupport a much 
longer Vibration; the advantages of which have 
already been conſidered (488), 489). 

539. And if ſuch a horizontal wheel, as here 
deſcribed and repreſented in Plate 16. Fig. 1. be 
made of well tempered fteel, and the parts of 
action of the cylinder of ſtcel thoroughly hard, 
or diamond, the performance of ſuch machine, 
will prove the ſuperiority of the horizontal prin- 
ciple to any other, 

540. Since the ſpiral Spring promotes the mo- 
lion of the Ballance towards its point of reſt, and 
oppoſes its receſs therefrom ; it is plain, that if any 
other power be made to act on the Ballance in 
the ſame manner, it will have a ſimilar effect on 
the times of Vibration, as an increaſe of ſirength 
in the Spring would have; i. e. it will ſhorten the 
times. And | 


541. If the ſame power be applied, /o as 10 


oppoſe the motion of the Ballance towards its point 


of 
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of reft, and promote the motion therefrom, it Or yar.rvs, &. 


will, by ſuch means, counteract the exertion of nn 
the Spring (411), as much as it aſſiſted in the 

former caſe (540) ; and therefore, will have a 

contrary effect; i. e. i? will prolong the times of 

Vibration. And thus ; | 


42. If the action of the horizontal wheel, Thote effects 
being made equal, 


be ſo applied to the edges of the cylinder, that and Sondaty., will 
it ſhall co-operate with the Ballance Spring in its deſtroy each other, 


unbending, juſt as much as it counteracts it in 
bending (411), the one half of itsaQion will con- 

tract the time of Vibration (540), as much as 

the other prolongs it (541); and conſequently, 

thoſe equal and contrary effects will always bal- 

lance each other, and leave the whole time of Vi- 

bration the ſame, as if no ſuch cauſe took place. 

Hence, ſuch changes as happen in the action of 

the wheel on the pallets, cannot alter the times 

of Vibration. 

543. Exaur IE. Let there be ſuppoſed two Iluſtrated. 

concentrie circles paſſing through the extremi- 

ties of the parts of action of the horizontal wheel, 

as repreſented by the dotted lines in Plate 15. PLATE xv, 
it is evident, that the wheel can only act on the 

edges of the cylinder, while they remain within 

thoſe circles; and if their diſtance be divided in- 

to two equal parts as at A, and another circle be 


drawn through that point; the edges of the cy- 


linder when at reſt, ſhould terminate in that cir- 


cle, as repreſented alſo at A; in which caſe, the 


A a maintaining 
>. 
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PLATE XV. 


Length of Vibra- 
tion, as the velo- 
City at the loweſt 
point, &c. 
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maintaining power would prolong the time of 


the one half of the Vibration (542), juſt as much 
as it contracted the other. But, 

544. If the edges of the cylinder reſt within 
this circle, as at &, the maintaining power will pro- 
long the one half of the Vibration (540), more than 
it contracts the other (541), in proportion as the 


edges of the cylinder lie nearer the inner circle, than 


the outer; See Plate 1 5. at G: and conſequently, 
the whole Vibration will take up more time than 
if performed by the action of the Ballance Spring 
only; and this effect of the maintaining power, 
will become greater as the Vibrations become 
ſorter (as ſhall be ſhewn hereafter), and produce 
the ſame effect on the meaſure of time, as if 
the ſhorter Vibrations of the Ballance, when ac- 
tuated by its Spring alone, were naturally {lower 
than the longer ones *: and this is the caſe in all 
horizontal watches ; for if the edges of the cy- 
linder were to. reſt in the circle, as at A, the 
points of the teeth would not drop on the circu- 
lar part of the cylinder, (as at C and D), but 
on its edge ; which would check the Vibration, 
and produce the moſt deſtructive effect. 

545. The length of Vibration in Pendulums, 
{c. p.) depends on their velocity at the point of 
reſt, (i. e. at their loweſt point), and the time 


— 
— 


* And thus will every change in the action of the wheels, 
or any other cauſe that can alter the angle of Vibration, alſo alter 
the times. 


of 
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of the ſubſequent aſcent will be the ſame, whe- 


ther ſuch velocity was the ſole effect of craviry, 
or the joint effect of ir and the attion of the wheels 
in the preceding deſcent * ; and the time of the 
ſubſequent deſcent cannot be influenced by the 
action of the wheels, before ſuch action takes 
place; it therefore follows +, That, 


546. The influence of the maintaining power on 


the meaſure of time, is, (c. p.] as the time of 


its action (545); nor will zts effect in maintain- 
ing the Vibrations, be any how leſſened by ſhor- 
tening its time of action t, and all this, as appli- 


See Sir Isa Ac NewrToN's 4th Definition, where he ſays, © An 
* impreſſed force remains no longer in a body, than its action 
continues; for a body maintains every new ſtate it acquires 
by its vis inſita only.” 

+ It alſo follows, from thoſe conſiderations, that it is more 
adviſeable, in Clocks, to apply the action of the wheels to the 
Pendulum, in the time of its aſcent than deſcent; and in 


Watches, in the time of bending, than the time of unbending 


the Ballance Spring: for if ſuch action be applied in the time of 
aſcent, its effect on the meaſure of time ceaſes with the action; 
but whatever power adds to the velocity of the Pendulum, &c. 
in its deſcent, will influence the time of all the ſubſequent part 
of the deſcent : and for the ſame reaſon, it will hurt the per- 
formance, to make the maintaining power act more vigorouſly 
at the beginning than towards the end of deſcent. (See the 
Notes to 226.) | | 


4 See Sir Isaac NewrTox's Second Law of motion; where 


he ſays, If any force generates a motion, a double force will 
generate a double motion, a triple force a triple motion, 
+ whether that force be impreſſed altogether and at once, or 
gradually and ſucceſſively.“ I have already (440) endeavoured 
to ſhew how the bad effects of the vis inertiæ of the wheels are 
to be diminiſhed. and therefore take no notice of it here. 
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Or yaLLETs, A. cable to the Vibrations of the Ballance, as thoſe 


Caen Bowe 5 


Principle on 
which the main- 
taining power 
cannot alter the 
time of Vibration, 


ſytroduction to 
turther confidera— 
tions, &c. 


of the Pendulum (413). | 
547. And thus, by making a horizontal wheel 
that will act on the cylinder, jaſt as much in the 
time of bending the Ballance Spring, as in the 
time of its unbending * ; the maintaining power 
may be made to prolong the time of one half the 
Vibration (541), as much as it contracts the 


other (540); and if the leaſt defect yet remains 


owing to the execution, &c. its effect may be 
diminiſhed by ſhortening the time of action of 
the wheel on the cylinder (546); and by thoſe joint 
means, the pertormance may be rendered more 
compleat 1N wATCHEs (fo far as depends on the 
maintaining power), than in Clocks where the in- 
fluence of the oil takes place T. But, 

548. Having already ſhewn reaſon (544), 
why all horizontal watches hitherto made, or 
that can be made, with the wheel and cylinder, 
now in uſe, muſt have their Vibrations ſomewhat 
flower than if the Ballance was actuated by its 
Spring alone: and why this effect muſt become 


— 


* That is, that the action of the wheel on the Ballance be 
equally applied on each fide the point of reſt; or that the 
wheel act as much on the Ballance in the time of its approach 
to its point of reft, as in the time of its receſs therefrom. 

| + Here it is to be noted, that as the influences of heat and 
cold on the oil, main Spring, and Fuſee, only tend to increaſe 
or diminiſh the maintaining power, their effects on the times of 


Vibration are totally removed by this method of applying it to 
the Ballance. 
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greater in the ſhorter Vibrations, than in the 
longer ones (546) . I now come to a more par- 
ticular conſideration of a wheel and pallets, that 
will admit of removing this defect, as well as 
the influence of the oil; and by that means leave 
the Vibrations of the Ballance and Spring in full 
poſſeſſion of all their natural properties. 

549. Fig. 1. Plate 16. repreſents a ſcapement 
conſiſting of one pallet and a detent, by means 
of which the wheel acts on the Ballance, at every 


ſecond Vibration only ; this ſcapement, it judi- 


ciouſly executed, will have the properties formerly 
mentioned (547), and admit of very quick Vi- 
brations, as the time of action of the wheel bears 
ſo ſmall a proportion to its time of reſt ; and the 
inſide diameter of the detent and pallet may be 
made ſo very ſmall (in proportion to the mean 
diameter of common cylinders), as almoſt to an- 
nihilate friction, and the influences of the oil 
during the time of reſt (526) ; by which means, 
the Vibration will be much increaſed ; and hence, 
a double advantage acquired, even though the uſe 
of oil ſhould yet be found neceſſary +. 

550. This ſcapement will alfo ſerve 20 prove 
experimentally, what has been ſaid concerning the 


pe 


— — 


* For which reaſon every cauſe that can alter the length of 
the Vibrations, will alſo alter their times. 

+ In this ſcapement all the teeth of the horizontal wheel ſtand 
on one ſide, as repreſented by Fig. 2. 
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Oy yaLLe7s, &, nature of ſcapements ( 540, 54t), and how 
— much the effects of the maintaining power- on 


the times of Vibrations of different len Shs, have 


hitherto been miſtaken for the natural tendency of 
the Ballance and Spring. 


Experiment. 


Longer Vibrations $51. If the 2 be in the pofition repreſent- 

rendered quickeſt. ed at A, Fig. 1. when the Ballance is at reſt, 

PLATE XVI. the action of the wheel will tend to prolong the time 
of Vibration (541); and this effect will be 
oreateſt on the ſhorter Vibrations (546) ; hence, 
if the natural tendency of the Vibrations be ifo- 
chronal, the action of the wheel on the pallets 
will ee en the ſhorter Vibrations of longer dura- 
tion than the longer ; and all the Vibrations ſlower 
than they would be performed by the ſole exer- 
tion of the Ballance Spring. 


Experiment. 


Longer Vibrations 5 5 2. Let the pallet be in the poſition repre- 
; "owel ſented at C, wh the Ballance is at reſt ; and 


PLATE XVI. the action o the wheel will ſhorten the time of 


Vibration (540), and render them quicker than 
if performed by the exertion of the Ballance 
Spring alone; and this accelerating effect alſo will 
be greateſt in the ſhorter Vibrations (346); and 

conſequently, 


. \ 1 3 2 i 2 R - a bo, _ 
WF re 7 „ r * * ts: a by | : > 
ot To <5 ee Hat oo et ET e The 


WAT CH- WO R K. 183 
conſequently, if all the Vibrations of the Bal- Or rarizrs, &c. 
lance were naturally iſochronal, the action of e 
the wheels would, in this caſe, render the longer 
Vibratious flower than the ſborter : how abſurd 
then is it! to form a concluſion of the zatural 
tendency of the longer and ſhorter Vibrations of 
the Ballance and Spring, while fuch foreign and 
unobſerved cauſes influence them. 
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Experiment. 


553. Laſtly, if when the Ballance is at reſt, All the Vibrations 
the pallet be in the poſition repreſented at B; — natural 
the one half of the action of the wheel on the 
pallet will be exerted, while the Ballance Spring 
is unbending, and the other half, while bending ; 
and conſequently, the former half will contract 
(540), as much as the latter prolongs (541), the 
time of Vibration, and the whole time will be 
the ſame, as if the Ballance was actuated by its 
Spring alone, without any regard to the force, 
with which the wheel acts on the pallet *. 

554. By the above means we may mot only How the defects of 


; | the Ballance 
diſcover the NATURAL TENDENCIES of the longer Spring may be 


reme died, 


PLATE XVI. 
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* The only inconvenience of this ſcapement, ſo far as occurs 
to me, is, that the interval between the beats will be alternately 
long and ſhort : but this will in no degree influence the meaſure 
of time, or render the Watch leſs fit for obſervations of any 


kind; for thoſe two beats which come cloſe to each other, may 
be conſidered as one, 


and 
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Or eaLLETs, &c, and ſhorter Vibrations of any Ballance and Spring 
When no maintaining power is applied (553) ; 
but the natural tendency being once known, it the 
longer Vibrations be quicker than the ſhorter, 
or the ſhorter quicker than the longer, they may 
be corrected by altering the poſition of the pal- 
let as already mentioned (551, 552) f. 
Introduction to 555. Having pointed out the means, by which 
another ſcapement. ge natural properties of the Ballance and Spring 
may be preſerved, by a proper attention to the po- 
tion of the pallet (where one only is uſed) (5 5 3), 
I now come to confider the means of preſerving and 
recovering them, where two pallets are uſed, and 
the wheel afts in every Vibration. 
Deſcription, &. 5 56. Fig. 4. Plate 16. ſhews the nature of 
een. the curve, into which the edge of the cylinder is 
PLATE xvl. to be formed: from which it appears, that e 
wheel has an equal power of moving the Ballance, 
on whatever part of this curve it acts; for if the 
cylinder be made to move through equal ſpaces, 
as marked on the Arc AB, the wheel will ad- 
vance equal ſpaces, as marked on the line AD; 
and it is to be underſtood, that the ſcapement in 
Fig. 1. as well as the following ones, has this 


Pr operty. 


* . . -* p „— 


„ 


+ And what is here ſaid, relative to the poſition of this one 
pallet, is equally applicable to each pallet, where two are uſed : 
and if the relative poſition of the pallets to each other could be 
altered, the effect would be as above ſtated. ' * : 


557. Fig. 
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557. Fig. 5. repreſents the relative poſition of Orr. &e. 
both edges of the cylinder, when the wheel is NL 
made to act at each Vibration; and its teeth Nie . 
ſtand alternately to each ſide, as in Fig. 3. where a 
it appears, that the ſame central angle A CB, 
ſubtends both the curves on the edges of the cy- 
linder ; and that thoſe curves croſs each other, 
exactly at half the thickneſs of the cylinder; 
without which, the natural tendency of the Vi- 


brations will be diſturbed (5 5 3). 


558. Here it is to be obſerved, that as the When the time of 
action ſhould be 


effect of any imperfection of the maintaining rendered lang, aus 
power, is increaſed or diminiſhed, with the angle when ſhort. 
which the curve of action on the edge of the cy- 
linder ſubtends at the center (546); ſuch angle 
ſhould be diminiſhed, where the true meaſure of 
time is the chief object of our attention; and in- 
creaſed, where we deſire by experiments to prove, 
the theory of pallets and Ballance Springs *. 
9. It is alſo to be obſerved, that when two Obſervation. 
pallets are uſed, (i. e. when the wheels acts on 
both edges of the ſame cylinder) the comparative 
times of the longer and ſhorter Vibrations, can- 
not be altered as with the ſcapement, Fig. 1. PLATE xv. 


(551, 552), 


** - _P — _ _ — 


—_— _ — 


* Here it is to be obſerved, that by increaſing or diminiſhing 
the angle ſubtended by the curve of action of the pallet, 
(1. e. the angle of ſcapement) the time of action of the main- 
taining power is alſo increaſed or diminiſhed, 


B b 560, It 
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theory, 


How thoſe incon- 
v-niencies may be 


avoided. 
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560. If execution could be ſuppoſed equal to 
mathematical demonſtration, and the teeth of the 
horizontal wheel as fine as a mathematical line, 


we might in practice, as well as in theory, pre- 
ſerve the natural propertics of the Vibrations, 


by the means propoſed in paragraph (542), and 
repreſented by Fig. 5. But as the teeth muſt 
have ſome ſmall thickneſs, and we muſt carefully 
guard againſt their dropping on the edge (or part 
of action) of the cylinder, we cannot perfectly 
preſerve the natural properties of the Ballance and 
Spring, with this conſtruction of pallets ; but be 
in a leſs degree hable to the retardation, which 
was ſaid to take place in the common horizontal 
wheel (544) *. 


561. I therefore come to enquire, by what con- 


firuftion of pallets thoſe inconveniencies may be 


avoided, and the wheel made to aft at each Vi- 
bration ? i. e. on both edges of the cylinder. 


— 


— — —„— 


* Mr. Lepaute, an ingenious French Clockmaker, in his 
Treatiſe, publiſhed at Paris 1755, deſcribes a conſtruction of 
pellets of his invention, in which the tooth reſts on the inſide 
of the cylinder at each Vibration; by which means, the friction 
on it, during the time of reſt, is very much diminiſhed, and 
conſequently a very conſiderable advantage gained. But the 
action of the wheel tends, in his conſtruction, to retard the Vi- 
bration, during its whole time of ation; and this effect will 
always increaſe or diminiſh, 1n proportion to the length of Vi- 
bration, and every cauſe that can alter the length of Vibration 
will alter the times; nor has any attempt been ever yet made 
to obviate this evil, ſo far as conſiſts with my knowledge. 
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562. Let us then ſuppoſe, that the curves on 
the edges of the cylinder, ſubtend different angles 
at the center, as AEB, BE C, Fig. 6. and let 
the dotted line EB, repreſent part of the dotted 
Arc which circumſcribes the points of the teeth 
of the wheel, as at A, Fig. 1. it is evident (551), 
that the whole action of the wheel on each pal- 
let, will prolong the times of Vibration: but as 
the angle B K C, ſubtended by the edge of the 
cylinder, Fig. 7. may eaſily be known, we may 
find another angle E K D *, which the Ballance 
will be thrice as long in deſcribing: then it LG, 
be made equal to? of F D, and rh curve GF, 
be formed in the ſame manner as the curve AD, 
(or DB, Fig. 4.) the action of the wheel on 1T 
will accelerate each Vibration, as much as 77 re- 
tards on the curve AD. For 

563. It the power of the wheel in moving the 
Ballance, was as great on the curve G F, as on AD, 
(or AB,) the effects on each would be as the re- 
lative times of action (446); and each time of 
action on the curve G F, is (by the hypotheſis) 
thrice as long, as the time of action on the edge 
of the pallet AD; and the wheel acts on G F, 
both in the progreſs of the Ballance towards the 
extremity of Vibration, and in its return, where- 


* See (:408), where the properties of the Vibrations of the 
Ballance and Spring are ſhewn to be the ſame with thoſe of a 
Pendulum vibrating in the cycloid, &c. 
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as it acts on A D, only once in each Vibration: 
therefore, the whole time of action on GF, is 
to the whole time of action on A D, in each Vi- 
bration, as 6 to 1. But when a cauſe is uni- 
formly exerted, the effect will be as the times: 
hence, if the wheel had the ſame power of mo- 
ving the Ballance on the curve G F, that it has 
on AD, the acceleration on the former, would 
be fix times as great as the retardation on the 
latter: but the power of the wheel on GF, is 


to its power on A P, as LG, to FD; that is, as 
1 70 6. thereiore, the powers being in each in- 


derſely as their times of action, the effects will be 
equal. Conſequently 

564. Whatever be the action of the wheels 
en pallets of ſuch conſtruction, it will as much ac- 
celerate (i. e. contract) the one part of the time 
of Vibration, as it prolongs the other : and the 
whole time of any Vibration, of whatever length, 


will be the ſame, as if performed by the ſole exer- 


ion of the Ballance Spring. 


COROLLART. 


565. It the curve GF, was continued till it 
terminated in the center (as repreſented by the 
dotted line), the acceleration would conſtantly 
increaſe as the Vibration ; but the retardation on 
AD, is diminiſhed as the Vibration increaſes 


2 (4406); 


WAT C H-W O R K. 


(446); and therefore, ſo ſoon as the angle of Vibra- Or rairzre, &c. 


tion becomes greater, than twice the angle E KC, 


the whole time of Vibration would be contracted, 


and that in proportion to the increaſe of Vibration: 
and this ſhews the neceſſity of diſcontinuing the 
curve F G, at G, and ſubſtituting the circular Arc 
GIM, which ſhould ſubtend an angle at leaſt equal 
to the greateſt fluctuations of the Vibration. 

566. What is above demonſtrated of the in- 
ſide of a cylinder, is equally applicable to the 
outſide, as on the tumbling pallets: but as the 
wheel has not in them, an equal power of moving 
the Ballance in every part of its action, the de- 
monſtration will not apply: it is alſo to be ob- 
ſerved, that when thoſe pallets are made to have 
ſuch a proportion te the wheel, that its teeeh 
ſhall act nearly at right angles to the circumfe- 
rence of the cylinder, during the time of reſt, 
the time of action on the pallets, will bear too great 
a froportion to the time of reſt (446); by which 


means, the effect which any external motion or 


alteration in the action of the wheels, will have 
on the meaſure of time, will alſo be increajed, 
as well as the chances of the Watch's ſtopping 
by the influence of any external motion : for 
which reaſons I thought it unneceſſary here, to 
give a particular deſcription of them ; the ne- 
ceſſary remarks on pallets having already far ex- 
ceeded my intended limits : nor does it appear 
to me, that any one, who fully underftands 

hat 
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The ſame demon- 
ſtration would, 

c. p. apply to the 
outſide of a cy- 
linder, 


But does not in 
the tumbling pal- 
lets, 
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190 IMPROVEMENT OF 
Oy PALLETS, ke. what has been faid in this and preceding eflavs, 
— can be at any loſs, in eſtimating the merits 'of 
any particular conſtruction of pallets, or in con- 
ſtructing new ones, to anſwer any particular pur- 


pole. 


Of the Reſiſtance of the Air. 


Air, its denſity 567. As the times of Vibration of a Bal- 
t have no dependence on gravitation, it 
motive force of ance, pen gr 1 
the Dallance. follows, that no alteration in the ſpecific gravity 
of the air, can alter its motive force, as it does 
that of Pendulums (378). Therefore, 
Hence cannot n= 568. Any alteration of denſity in the air, can 
with perfect pal- only influence the Vibrations of a Ballance, by 
| RL ſhortening the Vibration in proportion to the 
increaſe of denſity : nor can ſuch changes in the 
length of Vibration, alter its whole time any 
any other ways, than by introducing any remain- 
| ing imperfection of the Ballance Spring or pallets ; 
| (tor it prolongs one half as much as it contracts 
i the other) (238, 129). Hence, 
( 569. It the Ballance Spring have the natural 
| tendency to perform all its Vibrations in equal 
| times, and the pallets have the properties de- 
{ {cribed (553, 504) ; m0 alteration of denſity in 
| the air, can any how alter the times of Vibration. 
| — 
| 3 570. Admitting the natural properties of the 


. Ballance Spring (408), if the maintaining power 
1 has 
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has any tendency to render the times of the longer 
Vibrations, either quicker or ſlower than the 
times of the ſhorter (551, 552), and if this effect 
be corrected, by an unlimited recoil, (or inverted 
recoil), as repreſented by the dotted ſpiral line in 
Fig. 7. Plate 16. and deſcribed (565); I fay ſuch 
being the caſe, that any change of denſity of the 
air will alter zhe times, as well as lengths of the 
Vibrations ; and for this reaſon, no curve of 
whatever kind ſubtending the angle of fluc- 
tuations, and having a tendency either to contract 
or prolong the time, can ever preſerve, or recover 
the natural iſochroniſm of the Vibrations of a 
Ballance (565). 

571. Ir alſo follows, that where the natural 
tendency of the Vibration is iſochronal, its 
properties can never be preſerved without the 
dead-beat (565). Bur, 

572. If the maintaining power and angle of 
Vibration, be ſufficiently increaſed (487, 488, 
489), and the time of action of the wheels on the 


191 


Or PALLETS, &c, 
* — 


ww i — 


Dead. beat ne- 
ceſſary. 


A good perform- 
ance, with imper- 
tect pallets, 


pallets diminiſhed (546), and ſome regard paid 


to what is ſaid (540, 541), a good perform- 
ance may be procured, even with pallets of lejs 
Perfect conſtruction. 

573. But in all caſes, where doubt or uncer- 
tainty take place, it is ſafeſt leaning to the 


Drab- BEAT; for 11, in conjunction with long 


Vibrations, will always diminiſh an error of the 
maintaining power (263); whereas a recoil, of 
any 
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IMPROVEMENT, . 


any kind, may have a dire& contrary effect „ 


and therefore, like dangerous medicines, are never 
to be adminiſtered, unleſs where it can be done 
by weight or meaſure. 


Having thus endeavoured to ſettle practical 
Theory of Clock-work, and to point out the 
means of acquiring ſuch advantages in roRTA- 
BLE MACHINES, as may render their performance 


nearly equal to that of Crocks, even in their 


improved ſtate; if I have any where miſrepre- 
ſented or omitted any thing material, it was not 
intentionally : but granting the truth of all that 
I have advanced, many are the experiments and 
practical improvements that may yet be made, 
towards confirming this Theory, and rendering 
it of general utility. And ſhould this be thought 
an object worthy of public attention, I ſhall 
chearfully contribute my utmoſt endeavours. 


THE END. 
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A. 


D” erating elfect, of a recoil, increaſes, as twice the 
retrograde motion of the ſwing-wheel 238, 239 
— is diminiſhed by any increaſe of the denſity of the 
air : and the contrary 226, 300 and Notes 
Action, of the wheels on the pallets, — in what caſes it 
ſhould be applied, regularly and ſucceſſively 265 
—— when it ſhould be applied all at once — 266 
jn either way — — 267 
— its effect, on the meaſure of time, c. p. as the whole 


time of action — — 540 


— in what caſes its time of action ſhould be rendered 
long or ſhort in Watches 558 
— it may be applied ſo as to render the times of vibra- 
tion either longer or ſhorter at pleaſure 238, 540, 541 
— it ſhould be applied in time of aſcent rather than de- 
ſcent of the Pendulum Note 545 
—— may have the ſame effect on the times of vibration, 
as if the longer ones were naturally quicker than 


the ſhorter : or the contrary — 551, 552 
— the influence of heat and cold on the main ſpring 
and chain, render it more perfect — 404 


C c AT ion, 


— 2 — 


I N — TS © 
No 
Action, the effect that any irregularity in it would have on 
the times of vibration: how corrected in the con- 
ſtruction of the pallets 542, 547. 553, 560 to 564 
of a ſpring on the ballance, preferable to that of 
gravity 
of the ballance ſpring : — how it may be preſerved 
proportional to the diameter of the ballance. See 
Thermometer. 


Air, its reſiſtance, c. p. as the verſed ſines of the angle of 


vibration 
— its reſiſtance contracts the times of aſcent of the pen- 
dulum as much as it prolongs the times of its de- 


ſcent | 129, 238 and Note 
its conſtant uniform reſiſtance does not affect the times 
of vibration 27, 28, 115 


— but its accidental changes of denſity may introduce 


410 


117 


other errors 115, 568 

— its uniform reſiſtance renders long vibrations preferable 
to ſhort ones — 116 to 120 

— its total reſiſtance, how rendered conſtantly uniform 
Note 300 


— any alteration in its denſity has a two-fold effect on 
the time of pendulous vibrations, performed in the 
arch of a circle; and theſe two effects do exactly 
ballance each other 

—— any alteration in its denſity cannot, of itſelf, alter 

the times of vibrations of a Watch ballance 567 to 569 
but it may introduce errors, that are miſtaken for 
its own natural effect 


Angle of ſcapement, in what caſes it ſhould be enlarged : and 


382 


568 


the contrary 558 
B. 
Ballance, its properties compared with thoſe of the pendu- 
| lum 405 to 412 
——— all its vibrations iſochronal in theory 408 


4 Ballance, 
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ä N 

Ballance, reaſons why it will meaſure time better than any 
pendulum that deſcribes entire revolutions 411 
— its natural properties ſuperior to thoſe of the pendulum 108, 
410 

— the effect, in it, changed into the cauſe, in each 
vibration — 411 
—— the advantages of increaſing its momentum 485 to 495 


— by lengthening the vibration 490 
—— by increaſing the train — 494 
by enlarging its diameter — 491 
by augmenting its weight — 492 


— all that has been ſaid relative to the length of vibra- 
tion of pendulums, &c. equally applicable to it 413 
— any change of latitude does not alter its times of vi- 
bration Note 410 
— the natural tendency of its longer and ſhorter vibra- 
tions could not hitherto be experimentally known 


; ; $49 to 553 

— — how diſcovered experimentally — 553 
and preſerved 554 
Ballance- ſpring. — its theory 415 to 427 


— its action in the ſhorteſt poſſible vibration of Watches 
that begin their own motion, only equal to that of 
the ballance wheel on the pallets 

— increaſing its ſtrength, always advantageous ; but not 

| equally in all caſes. See Momentum. 
the means by which they may be rendered ſtronger 
in Pocket-watches 469, 477 Note 

their defects, how diſcovered and remedied 554 

—— its exertion may be conſtantly preſerved, proportional 
to the vis inſita of the ballance. See nfl. of heat. 

Banking, what, and how its effects remedied Note 484 
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Circular pendulum of Dr. Hook and Mr. Hugens, can never 
meaſure time equal to the vibrating pendulum, or 
the ballance and ſpring — 

Circular vibrations, (i. e. vibrations performed in circular 
ares) correct thoſe variations which any alterations 


of denfity in the air would occaſion in the cycloidal 
curve — — 382 


Clocks, compared to Watches — — 388 


Conclufion— relative to the length of vibration in Clock-pen- 
dulums | — — 152 


relative to the method of winding every half minute in 
fixed ſpring Clocks — — 221 
—— in portable machines — — 402 
— relative to the irregularities of the maintaining power 300 
—— relative to every imperfection of Clock movements 306 
—— relative to the influences of the air, on the times of 
vibration of Clock-pendulums, deſcribing circular 


411 


arcs 382 
relative to the application of cycloidal cheeks 383 
relative to the comparative properties of the pendulum 

and ballance 429 
relative to Watches beginning their own vibrations 432 
relative to the ſize of Watches — 


441 
relative to the length of vibration in Watches 490, 413 


re tative to the influence of external motion 483 
relative to increaſing the momentum of the ballance 495 
relative to the influences of heat and cold on Watches 511 


relative to the horizontal principle 


539 
relative to the conſtruction of Watch pallets 574 
relative to the action of the wheels on the pallets 564 


relative to the influences of the air on the times of vi- 
bration of Watch ballances 569 


relative to the uſe of ſprings in pallets —— 252, 253 
Cycloidal 


ana 


relative to the number of teeth in horizontal wheels 533 
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No 
Cycloidal vibrations in Clock-pendulums, are hurtful even in 
D. 
Dead. beat, its natural effects 255 to 273 


— diminiſhes the natural error of circular vibrations 263 
errors ariſing from other cauſes imputed to it 
209, 270, 27t 
—— hitherto loaded with diſadvantages 269 to 273, 524 
— no fair comparative tryal yet made of the effects of iT 
and the recoil 268 to 273 
——— abſolutely neceſſary for preſerving the natural pro- 
rties of the vibrations of the ballance 571 


Den/ity of the ai. — the alterations that happen in it, do in the 


circular vibrations of Clock-pendulums correct 

themſelves — — 380 to 383 
cannot alter the times of ſuch vibration of a ballance, 

as are naturally iſochronal, with pallets of a proper 


conſtruction — — 567 to 572 
Diſengaging all the wheels but one 216 to 223, 394 to 402 
not advantageous in portable machines — 401 

E. 
External motion, its theory — 442 to 484 
—— experiments, relative to its effect on Watches, &c. 445 
to 457 


curvilineal only affects — 449 
in what caſes and proportion it affects 451, 453, 454 
—— much greater in Pocket-watches, than in thoſe that 


are carried on ſhip-board 453 
its effects, how diminiſhed — 455, to 458 
— equal in all Watches having equal trains 458 


Dr. Hook's method of diminiſhing its influence 474 to 478 


External 


2 


1 N D — 


13 N 
External motion, Mr. Hugens's method of diminiſhing its in- 

fluence — — | 478 

—— All the methods compared — 481 to 484 


F. 


Friction on the pallets, how diminiſhed 174, 184, 189, 190 
can never ballance the influences of the oil thereon 194 


on the horizontal wheel and cylinder 527 to 540 
G. 
Gravity, its action on the pendulum, only altered by a 
change of latitude — — 372 
Gridiron pendulum, deſcribed — 332 to 346 


how adjuſted — 343 
compared with Mr, Ellicott's (improved) 363 to 369 


H. 


Half-timing,—what — 470 
Harriſon, Mr. John, ingenious pallets invented by him 225 to 
| 232, and from 245 to 253 
Heat and cola the effect of their influence on Watch main 
ſprings, chains, fuſees, and the oil applied to the 
main ſpring, and all the pivots of the wheels, is 


corrected by a proper conſtruction of pallets +564 
— their influence on the pendulum 316 to 372 
on the ballance and its ſpring — 500 
on the main ſpring — — Note 404 
on the fuſee, &c. — Note $04 
—— on the dil —— — — 498 
| on the air — 510 
Hindley, Mr. of York, ditto by him 225 to 232, and from 245 

to 2 

Horizontal wheel—its nature explained, &c. 525 to oo 


Hugens, Mr. his method of winding up every half minute 216 to 
223, 394 [0 403 
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No 
J. | 
Influence=of heat and cold. See Heat. 
—- of the oil. See Oil. 
of the maintaining power. See Maintaining power. 
—— of external motion. See External motion. 
L. 
Long vibrations have a duplicate advantage in correcting the 
irregularities of the maintaining power 41, 47 
Long pallets— hurtful where friction takes place and oil is 
applied — 189, 190, 206, 207 


— but are advantageous where no friction takes place 
Note 265, 266, 546 


M. 
Magnetic attraction, its effect hurtful in pallets n=... 256 
Maintaining power, — what — — 2 
conſiderations relative to it in Clocks 163 to 166 


in what caſe it ſhould be applied gradually in Clocks 265 
in Watches 


559 
in what caſes it ſhould be applied all at once in Clocks 266 
in Watches — — 558 
in what caſe it may applied in Clocks in either way 267 
its effects on the times of vibration of a ballance, miſ- 
taken for the natural tendency of ſuch vibrations 
| $50 0 552 
its effect on the time, c. p. as the diſtance at which it 
is applied from the loweit point of vibration Note 546 
why it ſhould be applied in time of aſcent of the pen- 


I 


1 


dulum _ — Note 546 
on the length of vibration : as its quantity, independent 

of its time or place of action — 545 
how rendered perfectly uniform in Clocks 300 


— how it affes the natural times of vibration 540 to 545 
Maintaining 


9＋ꝙ3b54394 —ͤ — 
* 


I N 1 X. 
Maintaining power, its effect on the times of vibration c. p. as 
its time of action | 
how it may be applied in Watches, or other portable 
machines, ſo as not to alter the natural times of vi- 


546 


bration — 543 to 565 
— increaſing it very advantageous in Clocks 158 to 164 
— in Watches — — 413, 464, 490 

— the moſt perfect rendered irregular by uſing ſprings in 
the pallets 246, 247 

— rendered more uniform in Watches, by the influence 
of heat and cold on the main ſpring Note 404 

—— Increaſing its action towards the extremity of the 
vibration hurtful — Note 545 

Main ſpring, concluſion relative to the effects of its imperfec- 
tions in Watches, &c, — — 404 
Mercurial pendulum, its diſadvantages 26 
Momentum of Clock- pendulums how increaſed 84 to 89 
table of it _ 87 


Momentum of the ballance See Ballance. 


Mation, external, its influences on the times of vibration See 
External motion. 


O. 


Oil, — its influences of a very hurtful nature — 155; 
the foundation of its theory 158, 159 
its effects on the meaſure of time, nearly in the inverſe 


comparative with the dead- beat and recoil 176 to 182 
its influence, — how diminiſhed in common pallets 

172, 182 to 193 

7 


duplicate ratio of the maintaining power — 162 
on the pallets, c. p. as their length — 189 
—— how rendered unneceſſary on main ſprings 392 
— its influence, how eſtimated — 167 to 182 
— table of it, on each pivot in a Clock — 171 
— its influence on the pallets, eſtimated 172 to 176 
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N? 
Oil, why its effect is not more ſenſible 193 to 197 
— 2 recapitulation of what has been ſaid relative to it 
197 to 210 
of the methods that have been hitherto uſed for the 
diminiſhing it 212 to 232, and from 245 to 254 
394 to 403 
—— diminiſhed on Watches 513 to 540 
— — table of its influence on all the pivots of the wheels 515 
——— increaſed by a recoil — — 520 
— its comparative influence on the ballance pivots 519 
— total influence on horizontal and contrate wheel 
Watches compared 524 
— how diminiſhed on the former 525 to 540 
P. 
Pallets, — long ones, no advantage in maintaining the vi- 
bration 191, 192 
——- in what caſes they are hurtful — 189 
and in which advantageous 205, 266 
— all reducible to two claſſes — 234 
— that have no friction during the time of reſt 275 to 288 
— that in Clocks remove every imperfection in the 
movement, of whatever kind 288 to 306 
further conſiderations relative to them 534 to 568 
— that correct the effect of any irregularities of the 
maintaining power in Watches 553, 564 
tumbling, ſome remarks on them — 66 
—— ingenious ones ſeen with Meſſrs. Harriſon and 
Hindley 225 to 232, and from 245 to 253 
no ſprings to be admitted in them 240, 247 
Pendulum, — its properties in a detached ſtate 12.to 20 
— its motion and ifochroniſm deſtroyed by the reſiſtance 
of the air, &c. — — 21 
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Ne 

Pendulum, detached gravity, its ſole motive force 68 
in thoſe applied to Clocks, the maintaining power 

muſt be added thereto 70 


in what proportion 2 alters the natural times of 
vibration — 72 

its total motive force, of what compounded in Clocks 135 

its vibration moſt iſochronal, when their length in- 
creaſes as the motive force 

reaſon why thoſe that deſcribe entire revolutions can 
never meaſure time equal to thoſe that vibrate 411 

its long and ſhort vibrations (when applied to a Clock) 
compared 24 to 48 

its weight conſidered — 66 to 8 

table of its momentum (by weight, and length of 
vibration) 87 

the influence of heat and cold on it. See Heat. 

gridiron, its nature and deſcription 332 to 346 

mercurial 

Mr. Ellicott's, his own deſcription of it 346 

improved — — 347 to 364 

rods of wood, in what caſes they may be uſed 318 

all that has been ſaid of it equally applicable to the 
ballance and ſpring — — 413 

Plan of the eſſays 1 to 12, and 384 to 388 

Plates, where deſcribed, 

Plate 1. Numb. 29. 

176. 

191. 

276. 

289. 

290. 

293. 

311. 

334. 

346. 


241 
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Plate 


„) ˙ ( TO © 
Plate 11. Numb. 361. 


12. 443. 
e 
— 14. — 5oz. 
R 4 
— 16.— 549. 


N 
Poctet- watches, in their preſent ſtate, are only on a par 
with Clocks that are capable of ng their 
own vibrations — 431 
— the influence of external motion on them much 
greater than on ſuch as are carried on ſhip-board 453 
Power, maintaining. See Maintaining power. 
Properties, natural, of the ballance and ſpring, can not be 


preſerved, without the dead- beat — 571 
R. 
Recapitulation relative to the length of vibration in Clock 
pendulums — — 142 to 152 
relative to the influence of the oil 197 to 212 
relative to the method of frequent winding up 401 
relative to pallets 274 


relative to the influence of heat and cold on the pen- 


Z INN! 


dulum — 369 
relative to the influence of external motion 483 
Recoil, in general — 233 to 245 
increaſes, the friction — — 178 
the influences of the oil — — 178 
— — accelerating effects of it, twofold — 238, 239 
none to be admitted with an uniform maintaining 
power Note 383 
advantages erroneouſly attributed to it 269 to 272 


Rejiſtance of the air. See Air. 


D d 2 Scapement, 


N 
8. 


Scapement, is the means by which the action of the wheels 
is applied to maintain the vibration, and generally 
conſiſts only of a wheel and pallets. - See- Pallets. 
—— Wherewith the theory and practice of the dead-beat 
agree — — 275 to 288 
Scale for finding the length of pallets, &c. for any number of 
teeth of the wheel, from 2 to 12 Note 2, 176 
Springs, — never to be uſed in pallets — 246, 247 
Suſpen/ion,—remarks, &c. relative to it 309 to 316 
Swing-wheel,the influences of the oil on the pallets increaſe 
as its diameter — — 172 


T. 


Tables, —of the influences of the oil — 171, 515 

of the momentum of pendulums — 87 

Thermometers, —all reduceable to two claſſes 319, 320 
— immoveable ones can never have a perfect effect in 

Clocks 321 to 326 

— — remarks relative to their conſtruction 329, 330 

one for a Watch deſcribed 490 to 512 


V. 


Vibrations, —long and ſhort compared 41, 47 
—— ſhort ones—arguments commonly uſed in their favour 


93 to 96 
nowhere recommended by Sir Iſaac Newton for Clocks 


121 to 133 
arguments in their favour examined 96 to 114 


cycloidal 96 to 113 and 383 
concluſions relative to them — 111 to 114—152 


recapitulation relative to them in Clock-pendulums 
142 to 152 
Vibratians, 


[|| 


ͤͤ AE ROS © 


NO 
Vibrations, all that has been ſaid in favour of long pendu- 
lous ones, is equally true of thoſe of the ballance 413 
— the longer ones of the ballance do beſt correct the in- 
fluence of the oil, or any other irregularities of the 


maintaining power 487 
do moſt correct the influences of external motion 489 
— how the longer ones of the ballance may be rendered 

quicker than the ſhorter — 551 
— ho the ſhorter ones may be rendered quicker than 

the longer — — — 552 


— — how their natural properties may be preſerved 5 53, 564 
could not heretofore be known experimentally 5 50, 552 
haue not their times altered by a change of latitude 410 
nor by any change of denſity in the air (conſidered as a 
non- reſiſting medium) — 568 
are all naturally iſochronous in theory —— — 408 
the effect of the maintaining power on their times 
(c. p. ]) as its times of action — 546 
as twice the recoil — — 228. 239 
may vary their length, withoat altering their times 5 54, 564 
thoſe of the pendulum rendered more iſochronal b 
having their length increaſed as their motive force 241 
Vibrating-pendulum,— reaſon why it will always meaſure 
time better than any that perform entire revolu- 
tions 


1 


411 
W. 


IVatches, the larger ones do moſt approximate the nature 

and perfection of Clocks 4.30 to 442 
Wheels, the periodical fiuctuations in their action, not fo 

hurtful to the performance of Clocks and Watches 

as generally imagined 54 
— the diſadvantages of heavy ones —' 440 
Winding-up, every half miniitc-=its effects 216 to 223, 394 to 403 
Mooden pendulum rods, in what caſes to be uſed 318 
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